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ABSTRACT

The work performed under this grant supported the Dexterous Flight Experiment
on STS-62. The project required developing hardware and software for automating a
TRAC sensor on orbit. The hardware developed for the flight has been documented
through standard NASA channels since it had to pass safety, environmental, and
other issues. The software has not been documented previously therefore this report
provides a software manual for the TRAC code developed for the grant.
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Chapter 1

INTRODUCTION

If you notice any problems with this documentation, if you would like some-
thing explained better, or if something else needs to be indexed, contact the

author.

This documentation uses the following conventions.

(7]

Routines with names like PutItInBlob use capital letters to indicate the
pronunciation. In the index you will find the routine by the string “Put
it in blob”.

Not all routines were intended to be called by a user. These routines usu-
ally perform some esoteric type of calculation that is not generalizable.
Routines of this type are called internal and are kept in a file along with
the functions that call them. Their prototypes are normally found at the
top of the .c file containing the code. If you want to know who calls an
internal function just search the file containing the internal function, no
one else can call it.

This document is organized by .c file. All routines in one particular .c
file are grouped together in a chapter. The user callable routines are
described first followed by the ones used internal to the library. Internal
routines cannot be used outside of the .c file they appear in. As a user
you need not worry about internal routines,

To determine what functions are available to the user, look in the .h
files. They contain the names and prototypes of all functions that were
intended for someone to call. These .h files also provide some information
about what the routines do. The .h file listings appear immediately after
each chapter introduction.

The level of indentation in a listing generally indicates what loop, or if
statement the line belongs to.
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6. The user data structure definitions’ are contained in the file datatype.h.
This header is included by nearly all routines. Data structures not de-
fined in datatype.h are internal? and can be found in the .c file that they

are used in.

For the most part writing a backslash is difficult to format, so all di-
rectory names are given as: a/b/c although DOS requires the division
symbols to be backslashes.

-1

1.1 DATATYPE.H

Documentation Date: 3/12/95

Data Definitions and some prototypes of functions that must be written
by the user. The following listing shows the user datatypes. Note that there
are 5 routines that are called by the library. They are prototyped in this file.
This file controls most of the dimensions of data.
New Data Types:
See the listing.
Definitions: See the listing.

Prototypes:

void Status_Message(char *message);
void Fatal_Error Message(char *message);
void clear.status(void);
void printandwait(char *xmessage) ;
void gprintandwait(char *message) ;

Description:

The library routines need to interact with the user occasionally. To do this the
library calls five routines. YOU must provide these routines yourself. They
are:

1. Status_Message - prints a message on the screen.

2. Fatal Error_Message - This should print a message then exit. It is called
when the library discovers a major problem.

3. clear_status - This should clear the status message.

4. printandwait - This should print a message then wait for the user to hit
a key.

1Jser data refers to the fact that the user has access to the data at some point in the
code not that the variables have global scope.
2Internal data means the user cannot access it.
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5. gprintandwait - This is similar to printandwait except the message occurs
when a graph is active so you may want the location of the text to differ.

1.1.1 Header File Listing:

#ifndef DATATYPE_H
#define DATATYPE_H
/ *Your attention please.... »
The targa version of the trac code consists of several self contained
library routines. This file discusses all of these routines. The library
is self contained with 5 exceptions. You must supply five subroutines for
handling messages to the operator. If you do not want to sce the messages,
you may make the routines return immediately, otherwise have them print the
messages. The five routines you must write are prototyped here.*/
10
/ ¥ this prints a status message on the screen*/
void Status_Mcssage( char *message);
/ * this prints a status message on the screen when in graphics mode*/
void gStatus_Message( char message(]);
/ * This should print a message then czit. It is called when the library
discovers a magor problem.*/
void Fatal_Error_Mcssage( char *message);
/¥ This clears the status message*/
void clcar_status( void);
/ *graphics mode version*/ 20
void gclcar_status( void);
/* This will print a message then wait for the user to hit a key*/
void printandwait( char *mcssage);
/ *graphics mode version*/
void gpromptandrcad( char message[], char format[}, void *valuc);
/ * This is similar ezcept the message occurs when a graph is active
so you may want the location of the text to differ*/
void gprintandwait( char *message);
void gprint( char *mcssage);
30
/¥ In the following, the data types are defined */
/ ¥First some definitions for the type of camera ctc.*/
#define MAX LEDS 4
#define IMAGEWIDTH 512
#define IMAGEHEIGHT 512
#define TOTALNUMBEROFPIXELS 250000
#define PIXEL_MAX 255
#define VISION_BOARD "targa8.h"

/ *Define the whole image*/ 40
#define LEFTMOSTCOLUMN 0 '
#define RIGHTMOSTCOLUMN (IMAGEWIDTH-1)
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#define TOPMOSTROW (IMAGEHEIGHT-2)
#define BOTTOMMOSTROW 26
#define WHOLE_IMAGE(roi) roi.xs = LEFTMOSTCOLUMN; roi.xe = RIGHTMOSTCOLUM
roi.ys = BOTTOMMOSTROW; roi.yc = TOPMOSTROW: roi.resolution = 1
/ *It seems the lower 27 lines are ¥%¢%/
/ *It scems there is a problem with the top line*/
/*
I think the problem is that the board is set to vertical 486 + the top 50
and bottom are only half lines do to the interlace

Y/

#ifdef UPPER_LEFT_ORIGIN
#undef UPPER_LEFT_ORIGIN
#endif
/ * the origin for the targa card is lower left*/
#define LOWER_LEFT_ORIGIN
#define BBLACK 0
#define WHITE 255 80
#define RED 0
#define GREEN 1
#define BLUE 2
#define SUCCESS 0
#define FAIL 1
#tdefine FALSE 0
#define TRUE 1
/*If CHECKLENGTH is defined the code will check the length of strings*/
#define CHECKLENGTH 1
70
typedef unsigned char Pixcl;
typedef int DPixcl;
typedef Pixcl ImagcLinc[IMAGEWIDTH];
typedef DPixcl DImagcLinc[IMAGEWIDTH];
#define NUMBEROFPIXELBINS (PIXEL_MAX + 1)
#define FULLNUMBEROFPIXELBINS (2 * PIXEL MAX + 1)
typedef long HistogramNUMBEROFPIXELBINS]J;
typedef long FullHistogram[FULLNUMBEROFPIXELBINS];

typedef struct { 80
double sizc;
double radius;
double variancc;
double centx;
double ccenty;
double gray;
}OncBlob:

typedef struct {
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%]

int xs, ys, xc, yc, resolution; 90

}ROI;

/* #define MAX_BLOBS_PER_PICTURE 10 changed for leo */

/*

#define MAX_BLOBS_PER_PICTURE 20
typedef struct {
int num_of blobs_found;
OncBlob blobs[]MAX_BLOBS_PER_PICTURE];
OncBlob background;
double SignalToNoiscMargin;
DPixcl posthreshold, negthreshold; 100
Hmage;

#define NUM_RETROS_PER_TARGET 5
typedef struct {
OncBlob led;
int num_of led;
OncBlob OddRetro;
int NumOfOdd;
OncBlob leftretro, rightretro, topretro, bottomretro;
int left,right,top,bottom; 110
}Target;

typedef struct {

int tz(6], ty[6], tz[6], tyaw[6], tpitch[G], trollf6];
double r1, v2, Iz, ly, p, y,;

}Transform; */

typedef struct {
double FocalLength, CamceraAspect, TargetWidth, TargetHeight, RangcOffsct;

}Transform; 120

#define BAD_PITCH_YAW 180
typedef struct {

double x, y, z, yaw, pitch, roll;
}Posc;

typedef struct {
double mx, my, d, ledx, ledy, roll;
}RawPosc;
130
typedef struct{
int lcft, right, top, bottom, corncr, NormalNumOfLcds, led[MAX_LEDS];
}Bloblds; :

typedef struct {
double clement|[2];
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}Vector;

typedef struct{
Bloblds id; 140
}AllStats;

typedef struct {
int PrinterPort Address;
int NumbcrOfLEDSToScck;
int LED_Statc;
int Threshold;
int LEDControlModc;
int NumbecrInSlope;
int ThresholdPercent; 150
int MinimumBlobSizc;
long MaximumBlobSizc;
double Tolerance;
int OverLayOnLive;
int VideoCenterRow, VidcoCenterCol;
double FocusDistancce;
}Paramcters;

#endif

160
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1.2 MAIN Programs

A sample main program is provided in the following listing. The routine
contains some user datatypes defined in “datatype.h”. Compile the main
program with a statement like:

CL /c /AL main.c

The main program is linked to the library with options: /CO (code view)
/noi (no ignore case) /ST:37000 (stack size, sometimes it is 27000), /E (??7).
You must also include the commercial targa libraries targraf, ltplib, the mi-
crosoft graphics library graphics and targa.lib (the latter is described in this

document).
link /CO /noi /ST:37000 /E main,,,,targraf,ltplib,graphics,lib/targa.lib

1.2.1 Program Listing:

#include <stdlib.h>
#include <stdio.h>
#include "targa.h"
#include "user.h"

void main( void);

void main ( void) {
Posc posc;

float rob; 10
RawPosc rawposc;
AllStats allstats;
Target target;

int overlaypage,overlaymodec;

ROI roi;

DPixcl thresh;

int FirstBright,Dim,SccondBright,LeosSccondBright;

int ﬁrstfalling,rcsolution,numinslopc,Dra.wPlot,thrcsholdpcrccnt,storcpagc;

Image imagge;

long minsizcblob; 20
double tolcrance;

int calibratc;

Transform CamcraTransform;

int ij;

FILE *file;

calibrate = 0;

Initializc_vision(0); ‘ 30
i=1;
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filc = fopcn("data.dat","wt");
while(i){
overlaypage=0;
WHOLE_IMAGE(roi);
if(inittext()!=SUCCESS)exit(1);
ClcarPagc(overlaypage);
DrawOverStrings(WHITE,overlaypage);
Live_Vidco();
GrabEightFrames(); 40
[ *liveoverlay(overlaypage); */
resolution = 2;
numinslope = 3;
thresh = 0;
DrawPlot = 0;
thresholdpercent = 50;
tolcrance=1.;
numinslopc=4;
minsizeblob=350;
LeosSccondBright=—1; 50
firstfalling = FindFirstFallingAndThresh(resolution.numinslope.&thresh,
DrawPlot,thresholdpercent);
FindFramcsForDoubleSubtract(firstfalling, &FirstBright,&Dim,&SccondBright);
storcpage=FindStoragcImage (firstfalling);
Show_Process_Image(storcpage);
DcfincImage(FirstBright,Dim,LeosSccond Bright storcpage,&image,
TOTALNUMBEROFPIXELS,minsizcblob,thresh);
if(I TargetCosys(&image,&allstats,tolcrance)) {
LoadTargctFromStats(&image &ctarget,&allstats);
Live_Vidceo(); 60
Mark_Target (&target,storcpage,(IMAGEWIDTH)/2,(IMAGEHEIGHT)/2);
Show_Proccss_Imagc(storepage);
printf("IS IT OK 1 is yes O no");
scanf("%d".&;j);
if5){
printf("%f %Uf %f %f Uf £ %f %f\n"targct.leftretro.centx,target.leftretro.centy,
target.rightretro.centx,target.rightretro.centy,
target.topretro.centx target.topretro.centy,
targct.bottomrctro.ccntx,ta,rgct.bottomrctro.ccnty);
fprintf(file,"%£ %f %f %f %Uf %f 4f Af\n" target.leftrctro.centx,target.lefimetro.centy,
target.rightretro.centx,target.rightretro.centy,
target.topretro.centx,target.topretro.centy,
target.bottomretro.centx,target.bottomretro.centy):
}
CamcraTransform.tx[0] = 1;
CamcraTransform.ty[l] = 1;
CamcraTransform.tz[2] = 1;
CamcraTransform.tyaw(3] = 1;
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CamcraTransform.tpitch[4] = 1;
Ca.mcra.’I&'a.nsform.troll[S] =1; 80
CamcraTransform.rl = 1270097.;
CamcraTransform.r2 = 1.;
CamcraTransform.lx = 2.361E— 4;
CamcraTransform.ly = —1.858E—~ 4;
CamecraTransform.p = 1.927E—4;
CamcraTransform.y = 2.423E—4:
GetPosc(&target, &Ca.mcra.’I&*a.nsform Lallstats, bcst.id,&rawposc,&posc);

if(calibratc){
rob=GctAFloat();
printf("%f, %f, %f, Uf, Uf, %f, Yf\n" ,rob,rawposc.mx, 90
rawposc.my,rawposc.d,rawposc.roll.rawposc.ledx. .rawposc.ledy);
}
PrintRawCamera(&rawposc):
WritcPose(&posc);

DrawOverlay(&posc, overlaypage);

Mark_Target(&target,overlaypage, (IMAGEWIDTH)/2,( IMAGEHEIGHT) /2);

else {
if(inittext ()!'=SUCCESS)cxit( 1);
ClcarPagc(overlaypage): 100

DrawOverStrings(WHITE, overlaypage):
printandwait("No target found - Press any key");
}

Live_Video();

ClearPage(overlaypage);

printf("Continue 1 yes, 0 no");

scanf("%d" &i):

}

fclose(file);

ﬁnishtcxt(); ’ 110

End_vision();

void Status_Message (message)
char message]];

{ clear_status();
_scttextposition(24,12):
_outtext(messagce);

}

void Fatal Error _Mecssage(message)
char message|];
{ Status_Mcssage(message);

exit(1);

}

120
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void clcar_status()
{
int i;
char str(80]; 130
for (i=0;i<65;i++) strfi]=" ’;
str[65] = 0;
_scttextposition(24,12);
_outtext(str);

}

void gprintandwait(mcssagce)

char message(];

{ _moveto(20,1);

_outgtext(message); 140
getch();

}

void printandwait(messagc)
char message[);
{ Status_Message(message);
getch();
clear_status();

}
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1.3 Function: Auto TRAC Analysis Tool

Documentation Date: 3/9/95

Prototypes:

See program listing.

Source File: atat1_06.c

Type of Function: User Callable

Header Files Used in atat1_06.c: < float.h> < stdio.h> <graph.h> <string.h>
<conio.h> <time.h> <math.h> <dos.h> <ctype.h> "targa.h” "com3.2.h"

Description:

This routine is the actual main routine.

1.3.1 Program Listing:

#Finclude < float.h>
#include <stdio.h>

#include <graph.h>

#include <string.h>

#include <conio.h>

#include <timc.h>

#include <math.h>

#include <dos.h>

#include <ctypc.h>

#include "targa.h" ‘ 10
#include "com3_2.1n"

#define FREE_RUN 0
#define COMPUTER_CONTROLLED 1
#define PRINTER_PORT 2

void main(Paramectcrs Dcfault);
void LogTargetResults(Target *target, FILE *file);

void Main_Mcnu(Paramecters def): 20
void Casc_Number( int *number);

int SctParamcters(Parameters *paramtcrs):

void DisplayParamcters(Parameters *paramcters);

int SavcParamcterSet(Paramcters *param);

int ReadParamcterSct(Paramecters *param);

int DocsFilcExist( char *name);

int AnsweredYes( char *string);

int GetAFileName( char *filename, int len, char *ext);
void DoDircctory( char *extension, char *mess);
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void OutColorText( char *string); 30
void DisplayFramcUscs( int firstbright, int dim):
void ReadInt( int *n);
void ReadLong( long *n);
void ReadsixFloat( float *x, float *y, float *z, float *yaw, float *pitch, float
*roll);
void ReadDouble( double *n);
void ReadHex( int *n); :
void DesignateCenter(Paramcters *param, int page):;
int DoComlnitialize(ComPort *port);
40

void main( void)

{

Paramcters DcfaultParamecters;
DefaultParamecters. PrinterPort Address = 0x378:
DcfaultPa.ramctcrs.NumbcrOfLEDSToScck =4;

DefaultParamcters. LED State = OxAA; //This gocs with NumberOfLEDSToScck don’t
change one without the other

DefaultParameters.Threshold = 135;

DefaultParameters.LEDControlMode = FREE_RUN; //There is a problem knowing how
many leds to seek and the led_state and this

DefaultParameters.Nu.mberInSlope = 3;

DefaultParameters.ThresholdPercent = 50;

DefaultParameters.MinimumBlobSize 25;

DefaultParameters.MaximumBlobSize TOTALNUMBEROFPIXELS;

DefaultParameters.Tolerance = 3.5 //# of radii tolerance in template match

DefaultPara.meters.OverLayOnLive = 0;

DefaultParameters.VideoCenterRow = 245;
DefaultParameters.VideoCenterCol = 255;
DefaultParameters.FocusDistance = 626.6; 60

-Clearscreen(0);
Initialize_vision(0);
setprinterportaddress(DefaultParameters.PrinterPortAddress);
if(inittext("d"))Fatal_Error_Message("Could not find targa font");
Live_Video();

GrabEightFrames();

Main_Menu(DefaultParameters);

}

void Case_Number(int *number) 70
{
int ch;
ch = getch();
switch (ch){
case '0’: *number=0;
break;
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case ’1’: *number=1;
break;
case ’2’: *number=2;
break; 80
case ’3’: *number=3;
break;
case ’4’: *number=4;
break;
case ’5’: *number=5;
break;
case ’6’: *number=6;
break;
case ’7’: *number=7;
break; 20
case ’8’: *number=8;
break;
default: //printandwait("Invalid entry: default to 0 - Hit any key");
*number=8;

}//End switch
}//End Case_Number

void Main_Menu(Parameters DefaultParameters)
{
#define FILE_NAME_LENGTH 13 100
//float x,y,z,yaw,p,r;
ComPort port;
int status;
int ch, page;
int CalibrateMode;
Transform trans;
ROI roi;
DPixel thresh, autothresh;
double sum[4];
double intensitymax, intensitymin; 110
double xs, ys;
Image image;
AllStats allstats;
RawPose raw;
Pose pose;
Target target;
int showgraphics;
int jj,i;
char text[5];
int framel, frame2; : 120
int waitt, LED_state;
int index; .
int firstbright, dim, subtracted, accumulated, workingforhist, storeforhist,
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storefordefine, overlaypage, pageformarking;
FILE »file;
char filename[50];
char afile[FILE_NAME_LENGTH];
char mess[80];
long numof255s;

trans.CameraAspect = 1,266;
trans.TargetWidth = 4.2;
trans.TargetHeight = 3.;
trans.RangeOffset = -,5756;

thresh = DefaultParameters.Threshold;
firstbright = 1;

dim = Q;
subtracted = 4;
accumulated = 5;
workingforhist = 6;
storeforhist = 7;
storefordefine = 6;

overlaypage = 7;

showgraphics = 0;

CalibrateMode =0;
LED_state=Defau1tParameters.LED-State;

sprintf (mess,"Choose from menu->");
doq
—clearscreen(0);
DisplayFrameUses(firstbright, dim);
_settextposition(2,1);

OutColorText ("#**** Auto\vGTRAC\vW Analysis Tools - Version 1.06 *x*»%x\n");

INTRODUCTION

130

140

OutColorText("* Copyright December 27, 1994 Everett & Redfield *\n");

OutColorText("» \vGTRAC\vW is a Patented Sensor by NASA’

QutColorText (n**************************************************\nn) .
’

QutColorText ("* (\vGA\vW)ccumulatc subtracted imagcs:

OutColorText ("* (\vGB\vW)link LEDs:

if (CalibrateMode)

QutColorText ("* (\vGC\vW)alibratc Disablc:
else

OutColorText ("* (\vGC\vW)alibrate Enablc:
OQutColorText ("* (\vGD\vW)isplay any image:
OutColorText ("* (\vGF\vW)ind objccts in image:
QutColorText ("* (\vGG\vW)rab and subtract:
OQutColorText ("* (\vGH\vW)istogram:
OutColorText ("* (\vGI\vW)nput/Output of Images:
OutColorText ("* (\vGL\vW)ED control modc:

OutColorText ("* (\vGN\vW)umber of active LEDs sct:

*\nu) ;
*\nu) ;
160

*\nu) ;

*\nn) :
*\nu) :

*\nn) :
*\nn) :
*\nn) ;
*\n");
-*\nu) ;
*\n* ;

s \vGLco Monford\vW*\n") ;
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OutColorText ("* (\vGO\vW)utput Posc To Com Port: *\n");
OutColorText ("* (\vGP\vW)aramctcr sct: *\n");
OQutColorText ("* (\vGQ\vW)uit and return to DOS: *\n");
QutColorText ("* (\vGR\vW)OI statistics: \n");
OutColorText ("* (\vGS\vW)ubtract two images: *\n");
QutColorText ("* (\vGV\vW)idco live: *\n") ;

/* OutColorText("**************************************************\n“)'*/
?

if(DefaultParameters.LEDControlMode==COMPUTER_CONTROLLED)
QutColorText("*  \vRComputer Control LEDs Via Digital Port\vW  *\n");
else if(DefaultParameters.LEDControlMode==PRINTER_PORT) 180
OutColorText("*  \vRComputcr Control LEDs Via Printer Port\vW  *\n");
else

QutColorText ("* \vRFrce running LEDs Active\vW \n");
OutColorText("**************************************************\n”)'
H

DisplayParameters(&DefaultParameters) ;
Status_Message (mess);

ch = getch();
switch (ch){

WHOLE_IMAGE(roi); 190
case ’a’: //Accumulate subtracted image
case ’A’: index = 1;
ClearPage (accumulated); //accumulated page
Ones(workingforhist); //history test page to 1111
do{

sprintf (mess,"Accumulating Imagc: Loop %d — Hit any key to stop—>"

Status_Message (mess);
index++;
roi.resolution = 1; 200

if(DefaultParameters.LEDControlMode==FREE_RUN){
Charlotte_Grab(0,1,2,3); //grab four images
intensitymax=0; //initial max and min
intensitymin=1.e20;
WHOLE_IMAGE(roi);
roi.resolution=3;
for (jj=0; jj<4; jj++){ //sort intensity
Integrate_Image(jj,&sum(jjl,roi);
if (sum[jjl>intensitymax) { 210
intensitymax=sum[jj];
firstbright=jj;
}
-if (sum[jjl<intensitymin) {
intensitymin=sum[jj];
dim=jj;
}

,index)
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}
roi.resolution=1;
} 220
else if(DefaultParameters.LEDControlMode==COMPUTER_CONTROLLED){
firstbright = 0;
dim = 1;
Grab_Frame (firstbright, LED_state);
Grab_Frame (dim, LEDnone);
WHOLE_IMAGE(roi);
}
else if(DefaultParameters.LEDContro1Mode==PRINTER_PORT){
firstbright = 0;
dim = 1; 230
Grab_Frame_Printer_Port (firstbright, LED_state);
Grab_Frame_Printer_Port (dim, LEDnone);
WHOLE_IMAGE(roi);
}
else {
Fatal_Error_Message ("Invalid LED control modec");

}

Show_Process_Image(accumulated);
numof255s = NewDoAccumulation(firstbright,dim yworkingferhist,accumulated)
Jwhile(!kbhit());
getch();
sprintf (mess,"Accumulated image in page %d — Choose from menu—>" , accumulated
break;
case ’b’: //Blink LEDs
case 'B’: Live_Video();
if (DefaultParameters.LEDControlMode==FREE _RUN){
sprintf (mess, "In Frec Run Modc!! — Choosc from menu—>");
Status_Message (mess);
} 250
else if(DefaultParameters.LEDControlMode==COMPUTER_CONTROLLED){
sprintf (mess, "Blinking LEDs from digital port — Choosc from menu—>");
Status_Message(mess);
doq{
SetLEDState(LED_state);
for(jj=0;33j<30000;jj++)waitt = (int) ((double)jj * (double)jj);
SetLEDState (LEDnone) ;
for(jj=0;jj<30000;jj++)waitt= (int) ((double)jj * (double)jj);
}while(!kbhit());
} 260
else if(DefaultParameters.LEDControlMode==PRINTER -PORT){
sprintf (mess,"Blinking LEDs from printcr port — Choose from menu—>") ;
Status_Message (mess);
doq{
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SetLEDStateUsingPrinter (LED_state);
for(jj=0;3jj<30000;jj++)waitt = (int)((double)jj * (double)jj);
SetLEDStateUsingPrinter(LEDnone);
for(jj=0;jj<30000;jj++)waitt= (int) ((double)jj * (double)jj);
}while (!kbhit());

} 270
else {
Fatal_Error_Message("Invalid LED control modc");
}
break;
case ’c’: //Toggle calibrate mode
case 'C’: if(CalibrateMode){

fclose(file);
CalibrateMode = 0;
sprintf (mess, "Calibration Off — Choosc from menu—>");
} 280
else{
CalibrateMode = 1;
Status_Message ("Entcr filc namc for calibration data—>");
scanf ("%s",&filename);
file = fopen(filename,"w");
sprintf (mess, "Calibration On — Choosc from menu—>") ;
}
break;
case ’d’: //Display any image to monitor
case ’D’: page=0; 290
do{
Show_Process_Image(page);
sprintf (mess, "Displaying image %d — Entcr (0-7) or any key—>", page);
Status_Message(mess);
Case_Number (&page) ;
}while (page < 8);
sprintf (mess,"Choosc from menu—>");

break;
case ’f’: . //Image analysis to find blobs and identify target
case 'F’: if (DefaultParameters.OverLayOnLive)pageformarking = overlaypage;

else pageformarking = storefordefine;

Status_Message ("Entcr image to analyze—>");

Case_Number (&page) ;

Status_Message("Wait for proccssing...");

Show_Process_Image (page);

roi.resolution = 4;

FindThreshold(page, -1, roi.resolution, DefaultParameters.NumberInSlope,
&thresh, showgraphics, DefaultParameters.ThresholdPercent);

roi.resolution = 1;

autothresh = thresh; 310

if (DefaultParameters.Threshold>-1)thresh = DefaultParameters.Threshold;
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//sprintf (mess, "“thresh permthresh and autothresh %d %d %d” ,thresh,DefaultParar
//printandwait (mess);
Definelmage (page, ~1,-1,storefordefine,%image,
DefaultParameters.MaximumBlobSize.DefaultParameters.MinimumBlobSize
if (DefaultParameters.OverLayOnLive){
EraseOverlay(overlaypage);
liveoverlay(overlaypage);
MarkAllBlobs(image,overlaypage);
} 320
else{
MarkAllBlobs(image,storefordefine);
Show_Process_Image(storefordefine);
}
—clearscreen(0);
-settextposition(i,1);
if (image.num_of_blobs_found)OutColorText ("
Avcrage\n");

if (image.num_of_blobs_found)OutColorText (" Blob # x y
Size Brightness\n"); 330

if (image.num_of_blobs_found)OutColorText("  ———————— —__ ——
__________________ \n")

for(i=0;i<image.num_of_blobs_found;i++){
Xs = image.blobs[i].centx;
ys = image.blobs[i].centy;
sprintf(text,"%d",1i);
writetext (pageformarking, (int) xs, (int) ys, text, WHITE);
if ((1<MAX_BLOBS_PER_PICTURE) || (i<20)){
sprintf (mess, "%10d%10.lf"/oIO.lf"/ol0.0f"/olO.lf\n" , 1,image.blobs[i].centx,in
OQutColorText (mess); 340
}
}
printf("\n");
sprintf (mess, "Image %d, Thresholds P=%d, T=%d — Hit any key for template
match—>",page, DefaultParameters.Threshold, autothresh);
printandwait(mess);

if(!TargetCosys(&image,&allstats.DefaultParameters.Tolerance,DefaultParametc

LoadTargetFromStats (kimage,&target,&allstats);
if (DefaultParameters.OverLayOnLive){ 350
liveoverlay(overlaypage);

Mark_Target (&target,overlaypage,DefaultParameters.VideoCenterCol,Defat
}

else {

Mark_Target (&target,storefordefine.DefaultParameters.VideoCenterCol,De
Show_Process_Image(storefordefine);

}
if (CalibrateMode) LogTargetResults(&target, file);
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sprintf (mess, "Templatc match in image %d — Choosc from menu—>" ,page);

} 360
else sprintf(mess,"No target identified — Choose from menu—>");
break;

case ’g’: //Grab 2 images and subtract
case °G’: Status_Message ("Wait for processing...") ;

if (DefaultParameters.LEDControlMode==FREE_RUN){
Charlotte_Grab(0,1,2,3); //grab four images
intensitymax=0; //initial max and min
intensitymin=1.e20;
WHOLE_IMAGE(roi);
roi.resolution=3; 370
for (jj=0; jj<4; ji++){ //sort intensity
Integrate_Image(jj,&sum(jjl,roi);
if (sum[jjl>intensitymax) {
intensitymax=sum[jj];
firstbright=jj;
}
if (sum[jjl<intensitymin) {
intensitymin=sum[jj];
dim=jj;
} 380
}
roi.resolution=1;
}
else if(DefaultParameters.LEDControlMode==COMPUTER_CONTROLLED){
firstbright = 0;
dim = 1;
Grab_Frame (firstbright, LED_state);
Grab_Frame (dim, LEDnone);
WHOLE_IMAGE(roi);
} ‘ 390
else if (DefaultParameters.LEDControlMode==PRINTER_PORT){
firstbright = 0;
dim = 1; »
Grab_Frame_Printer_Port (firstbright, LED_state);
Grab_Frame_Printer_Port (dim, LEDnone);
WHOLE_IMAGE(roi);

}
else {
sprintf (mess, "Incorrect Led Control Mode — Choose from menu—>") ;
break; 400
}

//Subtract_Images(firstbright.dim,-i,subtracted,2,128,roi);
Subtract_Images(firstbright,dim,~1,subtracted,1,0,roi);
Show_Process_Image(subtracted); :

sprintf (mess, "Displaying Subtracted Image — Choosc from menu—>") ;
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break;
case ’h’: //Calculate histogran for any image

case °H’: Status_Message("Entcr image for histogram—>"};
Case_Number (&page) ;
Status_Message("Wait for proccssing..."); 410
WHOLE_IMAGE(roi);
ShowPixelsInHistogram(roi, page, -1, -1, storeforhist » workingforhist);
sprintf (mess, "Choosc from menu—>");
break;
case ’i’:
case 'I’:
DoDirectory("img","\vRImage Files on the Disk") ;
Status_Message ("Entcr the imagc filename (NO EXTENSION) —> ");
if( GetAFileName(afile,FILE_NAME_LENGTH,"hng") {= SUCCESS){
sprintf(mess, "Imagc File Namc Was Not Read, Choose FromzMenu —> ")
break;
}
Status_Message ("Entcr page # —> ");
Case_Number (&page) ;
if( (page < 0) || (page > 7) ){
sprintf(mess, "Invalid page number, I/O Aborted, Choosc From Menu —> ") ;
break;
}
Status_Message ("R or W (or Quit)?—> ");
doq{ 430
ch = getch();
ch = toupper(ch);
}while( (ch !'= ’R’) && (ch != 'W') k& (ch != 'Q’));
if(ch == ’Q’) {
c¢ch = ’r’;
break;
}
if(ch == ’R’) {
if({DoesFileExist(afile)){
sprintf (mess, “Filc docs not cxist. I/O aborted, Choose frean menu ->");
break;
}
if (ReadImage(afile, page) == SUCCESS){
sprintf (mess,"Ok, Choosc from menu—>") ;

break;
}
sprintf (mess, "Error Reading Image. Choosc from menu—>") ;
break;
}
if(ch == 'W’){ 450

if(DoesFileExist(afile)){
if ('AnsweredYes("That filc cxists, overwrite (yn)? => ")) {
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sprintf (mess,"I/O Aborted, Choose from menu—>");
break;
}

}
if (Storelmage(afile, page) == SUCCESS){
sprintf (mess,"Ok, Choosc from menu—>");

break;

} _ 460
sprintf (mess,"Error Writing Image, Choosc from mcnu—>");
break;

}
break;
case ’1’: //Set mode for type of LED control
case ’L’: sprintf (mess, "Choosc (F)ree, (D)igital, or (P)arallcl mode—>*

)i
Status_Message(mess);
ch = getch();
switch (ch){ 470
case ’f’
case ’F’
DefaultParameters.LEDControlMode = FREE_RUN;
sprintf (mess, "Frce Run Modc Sclected — Choose from menu—>") ;
break;
case ’d’
case ‘D’
DefaultParameters.LEDControlMode = COMPUTER_CONTROLLED;
sprintf (mess, "Digital Port Controlled Modec Sclected — Choose from mecnu—>")
break; . 480
case ’p’
case ’P’
DefaultParameters.LEDControlMode = PRINTER_PORT;
sprintf (mess, "Printcr Port Controlled Mode Sclected — Choose from mcnu—>")

break;
default: sprintf(mess,"Invalid cntry —~ Choosc from menu—>");
-
break;
case ’n’: //Set number of active computer controlled LEDs
case ’N’: Status_Message ("Entcr desired number of active LEDs#>") ;

Case_Number (&page) ;
if(page == O)LED_state=LEDnone;

if(page == 1)LED_state=LEDone;
if(page == 2)LED_state=0xEE;
if(page == 3)LED_state=0x5B;
if (page == 4)LED_state=0xAA;
if(page == 5)LED_state=0x15;
if(page == 6)LED_state=0x11;

if (page 7)LED_state=0x01;
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if(page == 8)LED_state=0x00; 500
sprintf(mess,"%d active LEDs sct — Choose from menu—>" » page);
break;

case ’o0’:

case ’‘0°’:

trans.Focallength = DefaultParameters.FocusDistance;
GetPose(&target, &trans, &(allstats.id), &raw, &pose, DefaultParameters);
/* .
Status_Message("Entcr x,y,z,yaw,p,r —>");
ReadsixFloat (&x, &y, &z, kyaw, &p, &r);
sprintf (mess, "Qutput %f %f %f %f %f %f?(yn) —>" »X,Y,2Z,yawgp, ) ;
*/
sprintf (mess, "Output %8.3f %8.3f %8.3f %8.3f %8.3f %8.3f?(y;n) —>",pose.x,pose.y
if (!AnsweredYes(mess)){
sprintf (mess, "Nothing Output — Choosc from menu —> ") ;
}
else {
status = DoComInitialize(&port);
if (status != COM_SUCCESS)sprintf (mess,"Could not initialize com port");
else {
sprintf (mess, "%9.3f %9.3f %9.3f %9.3f %9.3f %9.3f\n" , pese .x,pose.y,pose.z,
if (com_send(port,mess) != COM_SUCCESS) sprintf (mess, "Could not transmit":
else sprintf(mess,"Posc Output — Choosc from menu —>") ;

}
com_close(port,1);
}
break;
case ’'p’:
case ’P’:
SetParameters( &DefaultParameters);
sprintf (mess, "Paramcters sct — Choosc from menu—>") ; 530
break; '
case ’q’: //Terminate program
case ’Q’: finishtext();

End_vision();

—clearscreen(0);

// You can save parameters manually in Parameter set menu

/*

If (AnsweredYes("Do you want to save the Parameters (yn) => "){
DoDirectory("pms","\vRParamectcr Filcs on Disk") ;
while(SaveParameterSet (&DefaultParameters) = SUCCESSaprintandwait ("Failed

to Write File, Press a Key to Try Again (Cntl-C Exits).");
}
*/
Status_Message ("Program Terminated Normally") ;
break;
case ’'r’: //Calculate brightness statistics ROI
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case ’R’: Status_Message ("Entcr image number for statistics—>") ;
Case_Number (&page) ;
DefineROIandCompute (page) ;
sprintf (mess,"Choosc from menu—>");

(o)
(5]
[~

break;
case ’s’: //Subtract any two images
case ’S’: Status_Message ("Subtract sccond image from first — Enter first

image—>");
Case_Number (&framel);
Status_Message ("Enter sccond image—>");
Case_Number (&frame2) ;
Status_Message ("Wait for proccssing...");
WHOLE_IMAGE(roi);
//Subtract_Images(framel,frame2,-1,subtracted, 2, 128, red);
Subtract_Images(framel,frame2,-1,subtracted, 1, 0, roi);
Show_Process_Image(subtracted);

sprintf (mess, "Subtracted image in page %d — Choosc from menu—>", subtracte

break;

case ’v’: //Display live video

case *'V’: Live_Video();
sprintf (mess, "Displaying Live Vidco — Choosc from menu—>") ;
break;

default: sprintf (mess, "Invalid cntry — Choosc from menu—>") ;

} 570

}while((ch!="Q’) && (ch!'=’q’));

void DisplayRectangleStats(ROI *roi, int increment)
{
char message[127];
_settextposition(16,1);
sprintf (message," Bottom—lcft: (%d,%d), upper—right: (%d,%d), Incremcnt:
%d ",roi->xs,roi->ys,roi->xe,roi->ye,increment);
OutColorText(message);
_settextposition(24,34);
}

void LogTargetResults(Target *target, FILE *file)
{
double mirrorx, mirrory, mirrorroll, ledx, ledy, mirrorlength;
double dx,dy;
int thenumber; 590
_clearscreen(0);
_settextposition(7,1);
if ((target->left > -1) && (target->right > -1)){
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mirrorx = (target->leftretro.centx + target->rightretro.centx)/2.;
mirrory (target->1eftretro.centy + target-)rightretro.centy)/2.;
dy = -(target->leftretro.centy - target->rightretro.centy);

dx = -(target->leftretro.centx - target->rightretro.centx);
mirrorroll = atan2(dy,dx ) * 180 / M_PI;

mirrorlength = sqrt(dy*dy + dx*dx);

} 600
elseq{ :
mirrorx = (target-)topretro.centx + target->bottomretro.centx)/2.;

mirrory = (target->topretro.centy + target->bottomretro.centy)/2.;
dy = (target->topretro.centy - target->bottomretro.centy);

dx -(target->topretro.centx - target->bottomretro.centx);
mirrorroll = atan2(dx,dy ) * 180 / M_PI;

mirrorlength = sqrt(dy*dy + dx*dx);

}
ledx = target->led.centx; T
ledy = target->led.centy;
printf("\n Mirror x y length \n");
printf (" - - ——————— \n");
printf (" %10.1f%10.1%10.1f\n" »mirrorx,mirrory,mirrorlength) ;
printf("\n Led X y  roll(deg) \n");
printf (" - —_—— e —————— \n");
printf (" %10.1f%10.1f%10.1f\n" »ledx,ledy,mirrorroll);

if(file != NULL){
Status_Message("Entcr a calibration memo number—>") ;
ReadInt(&thenumber); 620
fprintf(file,"%d,",thenumber); .
fprintf(file,"%10.1£,%10.1f,%10.1f," ,mirrorx,mirrory,mirrorlength) ;
fprintf(file,"%10.1f,%10.1£,%10.1f\n" »ledx,ledy,mirrorroll);

}

int SetParameters(Parameters *param)
{
char mess[80];
int ch,ach; 830

sprintf (mess,"Choosc from menu—>");
do{
-clearscreen(0);
-Settextposition(5,1);

OutColorText (n**x*x’rw************************n‘*x***********#***\nu) N
’

OutColorText ("* (\vGA\vW)ddress of printer port sct: *\n");
OutColorText ("* (\vGD\vW)csignate Target Center: \n");
OutColorText ("* (\vGF\vW)ocus Distance of Camcra: *\n");

OutColorText ("* (\vGG\vW)rcatest Blob Size in Pixcls: *\n" o
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QutColorText ("* (\vGI\vW)nput/Output Paramcter sct: \n");
OutColorText ("* (\vGL\vW)EDS — Number to scck: *\n");
OutColorText ("* (\vGM\vW)inimum Blob Sizc in Pixcls: *\n");
OutColorText ("* (\vGN\vW)umber of Points in Slopc Calculation: \n");
if (param->QverLayOnLive)

OutColorText ("* (\vGO\vW)verlay on Processed image: *\n");
else

OutColorText ("* (\vGO\vW)verlay on Live: , *\n");
OutColorText ("* (\vGP\vW)crcent Distance Between Histogram Peaks: \n");
OutColorText ("* (\vGR\vW)cturn to MAIN Mecnu: ") ;
OutColorText ("* (\vGS\vW)ct Threshold: *\n");
QutColorText ("* (\vGT\vW)olcrance for Template Match: \n");

OutColorText (n*********************************##***************\nn) .
’

DisplayParameters(param);

Status_Message(mess);
ch = getch();
ch = toupper(ch);
switch (ch){
660
case ’a’:
case ’A’: sprintf(mess, "Entcr Printer Port address (IN HEX) A&M=378,
IBM750=3BC —>");
Status_Message (mess);
ReadHex (& (param->PrinterPortAddress));
setprinterportaddress(param->PrinterPortAddress);
sprintf (mess,"Address is %x. — Choosc from menu—>", param->PrinterPortAddre
Status_Message (mess);

break;
870

case ’d’:
case ’D’: DesignateCenter(param,7);

sprintf (mess,"Choosc from menu —> ");

break;
case ’f’:
case 'F’: sprintf (mess, "Focus Distancc of Camecra is (%.11f). Enter new

valuc—>" ,param->FocusDistance) ;
Status_Message(mess);

ReadDouble (& (param->FocusDistance)); 680
sprintf(mess, "Valuc is %.1lf. — Choosc from menu—>", param->FocusDistance) ;
break;

case ’'g’:

case °G’: sprintf(mess, "Greatest Blob Size is (%Id). Enter new value—>" , param->Me

Status_Message (mess);
ReadLong (& (param->MaximumBlobSize));
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sprintf (mess,"Valuc is %ld. — Choosc from menu—>",param->MaximumBlobSize) ;
break;
880
case ’i’:
case ’I’:
DoDirectory("pms","\vRParamctcr Filcs on Disk");
do{
Status_Message ("Do you want to Read (R) or Write (W) (Q=Quit)?-> ");
ach = getch();
ach = toupper(ach);
}while( (ach f{= ’R’) && (ach != ’¥W’) && (ach != ’Q’));
if(ach == ’R’){
if (ReadParameterSet (param) != SUCCESS)sprintf(mess,"PFailed to Read File");
else sprintf (mess,"Choosc from menu—>");
}
else if(ach == *W’){
if (SaveParameterSet (param) != SUCCESS)sprintf (mess,"Failed to Write File");
else sprintf(mess,"Choosc from menu—->");

}
break;
case ’'1’:
case 'L’: sprintf (mess,"Numbcr of LEDS to scck is (%d). Entcrmew value—>",param-:

Status_Message(mess);
ReadInt (& (param->Number0fLEDSToSeek)) ;
sprintf (mess,"Valuc is \VR%d\vW. — Choosc from menu—>", param->Number0fLEDSTo

break;

case ‘m’:

case ’'M’: sprintf (mess, "Minimum Blob Sizc is (%d). Enter new value—>",param->Mini
Status_Message (mess) ;
ReadInt (&(param->MinimumBlobSize));
sprintf (mess,"Valuc is %d. — Choosc from menu—>", param->M2ninumBlobSize) ;
break;

case ’'n’:
case ’N’: sprintf (mess,"Number of Points in slopc is (%d). Enter new
valuc —>",param->NumberInSlope) ;

Status_Message (mess);

ReadInt (&(param->NumberInSlope));

sprintf (mess,"Valuc is %d. — Choosc from menu—>", param->NumberInSlope) ;

break;

730

case ’o’:
case ’'0’:

if (param->QverLayOnLive){

param->0OverLayOnLive = O;
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—>");

case
case

case
case

case
case

case
case

sprintf (mess,"Will Now Overlay on \vRProcessed\vW imagc. Choose from menu

}
else {
param->0verLayOnLive = 1;
sprintf (mess,"Will Now Overlay on \vRLivc\vW imagc. Choasc from menu —>*

X
break;
’p ) H
'P: sprintf (mess, "Threshold Percent is (%d). Enter new value —>", param=->Tt

Status_Message (mess) ;
ReadInt (&(param->ThresholdPercent));
sprintf (mess,"Valuc is %d. — Choosc from menu—>",param->ThresholdPercent);

break;

)r) H

‘R’ break;

)s 2 H

’S?: //Set threshold calculation manually or automatically

sprintf (mess,"Threshold is (%d). Enter new threshold (=1 for automatic)—>", par:
Status_Message(mess) ;

ReadInt (& (param->Threshold));

sprintf (mess, "Threshold is %d. — Choosc from mcnu—>", parame>Threshold) ;
Status_Message (mess) ;

break;

’t > H
’T?: sprintf (mess,"Templatc Match Tolcrance is (%.1f). Enter new

valuc —>",param->Tolerance);

Status_Message (mess);

ReadDouble (& (param->Tolerance));

sprintf (mess,"Valuc is %.1f. — Choosc from mcnu—>",param->Tolerance);
break; 770

default: sprintf (mess, "Invalid entry — Choosc from menu—->");

3
}while((ch!=’R’) && (ch!=’r’));
return 0;
}
void DoDirectory(char *extension, char *mess)
{
#define WINDOW_START_ROW 2 : 780

#define WINDGW_END_ROW 20
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#define WINDOW_WIDTH 20
struct find_t fileinfo;
int status;

int row;

int scol,ecol;

char filename[13];
.clearscreen(0);
-settextposition(l,1);
OutColorText (mess) ;
scol = 1;

ecol = WINDOW_WIDTH-2;

CHAPTER 1. INTRODUCTION

790

_settextwindow(WINDOW_START_ROW,scol,WINDOW_END_ROW,ecol);

row = WINDOW_START_ROW;

sprintf(filename,"*.%s",extension);

status = _dos_findfirst(filename,_A_NORMAL,&fileinfo);

if(status = 0){

OutColorText ("\vRNo Files To \n");
OutColorText("\vR Choosc From");

}
while(status == 0){

QutColorText(fileinfo.name);

OutColorText("\n");
Tow++;

if(row == WINDOW_END_ROW)<{
row = WINDOW_START_ROVW;

scol + WINDOW_WIDTH;

ecol + WINDOW_WIDTH;

scol
ecol

800

_settextwindow(WINDOW_START_ROW,scol,WINDOW_END_ROW,ecol);

}

status = _dos_findnext(&fileinfo);

}

~-settextwindow(1,1,25,80);

3

int GetAFileName(char *filename, int namelength, char *ext)

{
char tempfilename([13];
char *period;

scanf ("%8s",tempfilename) ;
period = strchr(tempfilename,’.’);
if(period != NULL)*period = 0;

820

return FormFullFileName(filename,namelength,tempfilename,ext);

}

int DoesFileExist(char *name)

{

struct find_t fileinfo;
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if(_dos_findfirst(name,_A_NORMAL,&fileinfo) != O)return O;
return 1; 830

}

int ReadParameterSet(Parameters *param)
{
#define FILE_NAME_LENGTH 13
FILE *input;
char filename[FILE_NAME_LENGTH];
Status_Message ("Enter the parameter filename (NO EXTENSION) —> ");
if( (GetAFileName(filename,FILE_NAME_LENGTH,"pms") != SUCCESS) || (!DoesFileExist
) { 840
return FAIL;
}
input = fopen(filename,"r");
if (fscanf (input,"%x",&(param->PrinterPortAddress))!=1)return FAIL;
if (fscanf (input,"%d",&(param->NumberOfLEDSToSeek) ) !=1)return FAIL;
if (fscanf (input,"%d" ,&(param->LED_State)) !=1)return FAIL;
if (fscanf (input,"%d",&(param->Threshold))!=1)return FAIL;
if (fscanf (input,"%d",&(param->LEDControlMode)) {=1)return FAIL;
if (fscanf (input,"%d",&(param->NumberInSlope)) {=1)return FAIL;
if (fscanf (input,"%d" ,&(param->ThresholdPercent)) !=1)return FAIL; ss0
if (fscanf (input,"%d",&(param->MinimumBlobSize)) !=1)return FAIL;
if (fscanf (input,"%ld",&(param->MaximumBlobSize)) !=1)return FAIL;
if (fscanf (input,"%If",&(param->Tolerance)) !=1)return FAIL;
if (fscanf (input,"%d",&(param->0OverLayOnLive))!=1)return FAIL;
if (fscanf (input,"%d",&(param->VideoCenterRow)) !=1)return FAIL;
if (fscanf (input,"%d" ,&(param->VideoCenterCol)) !=1)return FAIL;
fclose(input);
return SUCCESS;
}

860
int SaveParameterSet(Parameters *param)

{
#define FILE_NAME_LENGTH 13
char filename[FILE_NAME_LENGTH];
FILE *output;
Status_Message ("Enter the filename (NO EXTENSION) —> ");
if ( GetAFileName(filename,FILE_NAME_LENGTH,"pms") != SUCCESS) return FAIL;
else if( DoesFileExist(filename) && (!AnsweredYes("That File Exists, Overwrite
(y.n)? —> "))) return FAIL;
else{ 870
output = fopen(filename,"w");
if (output == NULL) return FAIL;
fprintf (output,"%x\n",param->PrinterPortAddress) ;
fprintf (output,"%d\n", param->NumberOfLEDSToSeek) ;
fprintf (output,"%d\n",param->LED_State);
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fprintf (output,"%d\n",param->Threshold);
fprintf (output,"%d\n",param->LEDControlMode) ;
fprintf (output,"%d\n",param->NumberInSlope) ;
fprintf (output,"%d\n",param->ThresholdPercent);
fprintf (output,"%d\n",param->MinimumBlobSize) ; 880
fprintf (output,"%ld\n", param->MaximumBlobSize) ;
fprintf (output,"%f\n",param->Tolerance) ;
fprintf (output,"%d\n",param->0verLayOnLive);
fprintf (output,"%d\n",param->VideoCenterRow) ;
fprintf (output,”%d\n",param->VideoCenterCol);
fclose(output);
}

return SUCCESS;

}

890

void DisplayFrameUses(int firstbright, int dim)

{

char mess[80];

_settextwindow(13,54,25,80);

OutColorText ("\vC*HHariokikikbkimkkiobaidn )

OutColorText ("* \vCNormal Image Frames\n");

OutColorText ("* \vC0—-3 Uscd For Charlottc\n");

OutColorText ("* \vC Grab.\n");

//0utColorText ("* \vCLEDS on 1\n"); 900
//0utColorText ("* \vCLEDS off 0\n");

sprintf (mess,"* \vCLEDS on %d\n",firstbright); OutColorText(mess);
sprintf (mess,"* \VCLEDS off %d\n",dim); QutColorText (mess);
OutColorText ("* \vCSubtracted 4\n");

OutColorText ("* \vCAccumulated 5\n");

OutColorText ("* \vCTcmporary Storc 6\n") ;

OutColorText ("* \vCOverlay & Histogram 7\n");
_settextwindow(1,1,25,80);

} 910

void DisplayParameters(Parameters *parameters)

{

char mess[80];

_settextwindow(2,54,25,80);

sprintf (mess,"* Print.Port Add. \VR%x\n",parameters->PrinterPortAddress); OQutColorText (r

sprintf(mess,"* # of LEDS to Scck \vR%d\n",parameters->NumberOfLEDSToSeek) ;
QutColorText (mess) ;

if (parameters->Threshold == -1){ 920

sprintf (mess,"* Threshold \vRIs Automatic\n"); OutColorText (mess);

3
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else {

sprintf (mess,"* Threshold \vR%d\n",parameters->Threshold); OutColorText (mess);

}
sprintf(mess,"* # in Slopc \VR%d\n",parameters->NumberInSlope); OutColorText (mess)
sprintf (mess,"* Thresh. %% \vR%d\n",parameters->ThresholdPercent); OutColorText (me
sprintf (mess,"* Min.Blob Sizc \vR%d\n", parameters->MinimumBlobSize); OutColorText (me
sprintf (mess,"* Max.Blob Sizc \VR%Id\n",parameters->MaximumBlobSize); OutColorText (m
sprintf (mess,"* Tolcrance \vR%.1f\n" ,parameters->Tolerance); OutColomFText (mess):
sprintf(mess,"* Center at "); OutColorText (meas);
sprintf (mess,"(\vR%d\vW,\vR%d\vW)\n", parameters->VideoCenterCol, parameters->Vide

OutColorText (mess);

if (parameters->0verLayOnLive){

sprintf (mess,"* \vRMarking on Live.\n"); OutColorText(mess);

}
else {

sprintf (mess,"* \vRMarking on Processed.\n"); OutColorText (mess);

} .
sprintf (mess,"* Focus Distancc \vR%.1lf \n",parameters->FocusDistancad; OutColorText!

}

void OutColorText(char *string)

{

#define black 0

#define blue 1

#define green 2

#define cyan 3 . 950
#define red 4

#define magenta 5

#define brown 6

#define white 7

#define darkgray 8

#define lightblue 9

#define lightgreen 10

#define lightcyan 11

#define lightred 12

#define lightmagenta 13 960
#define yellow 14

#define brightwhite 15

int i;
char ch([2];
i=0;
ch[1] = 0;

_settextcolor(white);
while((ch[0] = string[i]) !=0){
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i++; 970
if(ch[0] == *\v’){
ch[0] = string[i];
i++;
switch (ch[0]){
case ’K’: _settextcolor(black ); break;
case ’B’: _settextcolor(blue }; break;
case ’G’: _settextcolor(green ); break;
case ’C’: _settextcolor(cyan ); break;
case 'R’: _settextcolor(red ); break;
case ’M’: _settextcolor(magenta ); break; 980
case ’N’: _settextcolor(brown ); break;
cagse ’W’: _settextcolor(white ); break;

case ’D’: _settextcolor(darkgray ); break;
case ’'b’: _settextcolor(lightblue ); break;
case ’'g’: -settextcolor(lightgreen ); break;
case ’¢’: _settextcolor(lightcyan ); break;
case ’r’: -settextcolor(lightred ); break:
case ’'m’: -settextcolor(lightmagenta ); break;
case ’Y’: _settextcolor(yellow ); break;
case ’w’: —settextcolor(brightwhite ); break; 990
default: _outtext(ch);
}
}
else _outtext(ch);
}
-settextcolor(white);
}
int AnsweredYes(char *string)
{ 1000
int ans;
Status_Message(string);
do {
ans = getch();
ans = toupper(ans);

if(ans == ’Y’)return TRUE;
if(ans == ’N’)return FALSE;
}

while(1);
} 1010

char str[100];

void ReadInt(int *n)

{
fgets(str,100,stdin);
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/*scanf ("%99s",str) ;*/

sscanf (str,"%d",n);

}

1020

void ReadLong(long *n)

{

fgets(str,100,stdin);

/*scanf ("%99s",str) ;*/

sscanf (str,"%Id",n);

}

void ReadDouble(double *n)

{

fgets(str,100,stdin); 1030
/*scanf ("%99s",str) ; %/

sscanf (str,"%If",n);

}

void ReadsixFloat(float *x, float *y, float *z, float *yaw, float *pitch, float
*roll)

{

fgets(str,100,stdin);

/*scanf ("%99s",str) ;*/

sscanf(str,"96f96f96f96f96f96f",x,y,z,yaw,pitch,roll); 1040

}

void ReadHex(int *n)
{
fgets(str,100,stdin);
/*scanf ("%99s",str) ;*/
sscanf (str,"%x",n);

}

void EraseCross(int x, int y, int page); 1050
void DrawCross(int x, int y, int page);
void DesignateCenter (Parameters *param, int page)
{
int x, y;
int ch,ach;
X = param->VideoCenterCol;
y = param->VideoCenterRow;
ClearPage(page);
Show_Process_Image (page);
Status_Message ("Usc Arrow Kcys to Move Cross, Hit Q When Centered'thsp
doq{
DrawCross(x,y,page) ;
ch = getch();
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ch = toupper(ch);
EraseCross(x,y,page);
if(ch == 0){
ach = getch();
switch (ach){
case 72: /»up*/
y++;
break;

case 80: /*down*/
y—:
break;

case 77: /*rights/
X++;
break;

case 75: /*left»/
X==;
break;
}
}
}while(ch != ’Q’);
param->VideoCenterRow = y;
param->VideoCenterCol =

I
>

}

#define LINEHALFLENGTH 10

#define WHITE 255

#define BLACK 0

void DrawCross(int x, int y, int page)

{

CHAPTER 1.

INTRODUCTION

1070

1080

1090

line(page,x-LINEHALFLENGTH,y, x+LINEHALFLENGTH,y,WHITE) ;
line(page,x,y-LINEHALFLENGTH, x, y+LINEHALFLENGTH,WHITE) ;

}

void EraseCross(int x, int y, int page)

{

1100

line(page,x-LINEHALFLENGTH,y,x+LINEHALFLENGTH,y,BLACK) ;
line(page,x,y-LINEHALFLENGTH, x,y+LINEHALFLENGTH,BLACK) ;

}

int DoComInitialize(ComPort *port)

{
struct find_t fileinfo;
int status;

1110
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int baud;
char parity;
int numbits;
int stopbits;
unsigned bufsize;
FILE =*inp;
status = _dos_findfirst("conLdat",_A_NORMAL.&fileinfo);
if(status == 0){
inp = fopen("com.dat","r");
fscanf (inp,"%d\n",port); 1120
fscanf (inp,"%d\n", &baud) ;
fscanf (inp,"%d\n", knumbits) ;
fscanf (inp,"%d\n",&stopbits);
fscanf (inp,"%d\n",&bufsize) ;
fscanf (inp,"%c",&parity) ;
fclose(inp);
}
else {
*port = 2;
baud = 9600; 1130
parity = °’N’;
numbits = §;
stopbits = 2;
bufsize = (unsigned) 2048;
}
//printf ("opening port %d, baud %d, parity %c, digits %d, stop %d, buff %d\n",
// *port,baud,parity,numbits,stopbits,bufsize );
status = com_open(*port,bufsize,baud,parity.numbita,stopbits);
if(status != COM_SUCCESS) return status;
com_raisedtr(*port); 1140
return COM_SUCCESS;
}
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1.4 Function: init_vid

Documentation Date: 3/9/95

Prototypes:

void main(void);

Source File: init_vid.c

Type of Function: User Callable

Header Files Used in init_vid.c: <float.h> <stdio.h> < graph.h> <string.h>
<conio.h> <time.h> <math.h> <stdlib.h> "targa.h”

Description:

This routine initializes the video. The system call used in the Initialize.V ideo
function does not work in the actual main program due to memory problems.
This simple small program calls the initialize video function to set the targa
parameters into the targa.par file. To get any benefit from it, you should delete
the targa.par before running the program. Otherwise, it will simply read the
targa.par file and exit.

1.4.1 Program Listing:

#include < float.h>
#include <stdio.h>

#include <graph.h>

#include <string.h>

#include <conio.h>

#include <timc.h>

#include <math.h>

#include <stdlib.h>

#include "targa.h"

10

void main( void);

void main() {
int overlaypage;

ROI roi;

Initialize_vision(0);
overlaypage=7;
WHOLE_IMAGE(roi);
if(inittext("d"))exit(1); 20
ClcarPagc(overlaypage);
DrawOverStrings(WHITE,overlaypage);
Live_Vidceo(); }
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1.5 messages

Documentation Date: 3/9/95
New Data Types:

None.

Definitions: Local Definitions:

e STATPOS = 24,1 - Row and column for the Status Message.
e GSTATPOS = 1,1 - Row and column for the Graphics Status Message.

Prototypes:

See Datatypes.h for Global prototypes.

Source File: messages.c

Type of Function: User Callable

Header Files Used in messages.c: <stdio.h> <graph.h> <conio.h>

<stdlib.h> "targa.h”

Description:

This file contains the message writing routines.
1. Status_Message - Prints a status message.
2. clearstatus - Clears the status message.

Fatal Error_Message - Prints a status message then quits the program.

= W

printandwait - Prints a status message and waits for the user to hit any
key.

gStatus_Message - Prints a status message on a graphics screen.

[¥7]

6. gclearstatus - Clears a graphics mode status message.

gprintandwait - Prints a graphics status message and waits for the user
to hit a key.

-1

8. gpromptandread - Prints a graphics status and reads a value.
1.5.1 Program Listing:

#include <graph.h>
#include <stdlib.h>
#include <conio.h>
#include <stdio.h>
F#Finclude "targa.h"
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#define STATPOS 24,1
/ *#define GSTATPOS 20,1%/
#define GSTATPOS 1,1

int gscanf( char *format, void *valuc);
/ *Put OutColorTezt in an appropriate file*/

void OutColorText( char *string);

void Status_Message(message)
char message[];

{ clcar_status();
_scttextposition(STATPOS);
OutColorText(message);

}

void clear_status()

{
_scttextposition(STATPOS);

_outtext ("

");
}

void Fatal_Error_Mcssage(message)
char mcssage[];
{ Status_Mcssage(message);

exit(1);

}

void printandwait(mcssage)
char message(];
{
Status_Mcssage(message);
getch();
clear_status();

}

void gStatus_Mcssage(message)
char message|];

{

gclear status();
_scttextposition(GSTATPOS);
OutColorText(message);

/*
gelear_status();
_moveto(GSTATPOS),

_outgtext(message);

39
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Y/
}

void gclear_status()

{
_scttextposition(GSTATPOS);
_outtext("
n);
/*
_setteztposition(GSTATPOS);
_outgtezxt(”
”);
*/

}

void gprintandwait(mcssagc)
char mecssage(;
{
gStatus_Mecssage(message);
getch();
gclear_status();
/*
gStatus_Message(message);
geteh();
gclear_status();
¥/
}

CHAPTER 1. INTRODUCTION

80

70

80

void gpromptandrecad( char message[], char format[], void *vz‘xluc)

{
_displaycursor(_ GCURSORON);

gStatus_Message(message);
scanf(format,valuc);

gclear status();
_displaycursor( GCURSOROFF);

}

#define LEN 80

int gscanf( char *format, void *valuc)

{
char c[2];
char string[LEN+1];
int i;
i=0;
c[l] = 0;
do{
¢c[0] = ( char) getch();

90

100
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_outgtext(c);
if(i<LEN){
string[i]=c[0];
i++;
}
} while(c[0]!="\r");
return(sscanf(string,format,valuc));

}

41
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1.6 Com3_2.c

Documentation Date: 3/9/95

Description:

This file contains the routines used to drive the serial communications port.
See the listing for further information.

1.6.1 Header File Listing:

/* __________________________________________________________
/* */
/* FILE :com.h i
/* Y/
/* Header file for interrupt driven serial I/0. */
/* */
/* AUTHOR : Russell Neeper *
/* ¥/
/* MODIFICATIONS : *
/* */ 10
/¥ date programmer version comments */
J¥ mmmm mmmmmmm—m mmm—mmm — e */
/*  Spring '89 RN 1.0  initial version
*
/*  Fall 90 RN 2.0  Fized initialization bugs,
*/
/* No longer uses BIOS, added .
/* flush command. */
/*  1/6/95 LJE 32 RENAMED FLUSH 7,
/* CHANGED INT TO COMPORT DATATYPE */ 2
/* SWITCH SUCCESS AND FAIL =~ */
/¥ Y/
/* __________________________________________________________

typedef char ComPort;
#define COM1 0
#define COM2 1

*

#define COM_SUCCESS 1

#define COM_FAILURE 0 30
*

/

#define COM _SUCCESS 0

#define COM_NONEAVAIL 2

#define COM_BADPORT 3

#define COM_TIMEOUT 4

#define COM_BADBAUD 5
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#define COM_BADPARITY 6

#define COM_BADBITS 7

#define COM_BADSTOP 8

#define COM_NOMEMORY 9 40
#define COM_FALSE 0

#define COM_TRUE 1

/ ¥ function prototypes */
/ ¥ void com_break(ComPort port,unsigned int [); */

/* Return the number of available input chars on g COM port */
int com_avail(ComPort port):;
/ * Flush all input from the COM port */ 50
void com _flush_input(ComPort port);
/ * Reads a character from port, If there isn’t a char available it returns
COM_NONEAVAIL Otherwise it puts the character in *c and returns COM_SUCCESS

*
/

int com_rcad(ComPort port, char *c);
/* Writes character out port. Actually puts it in the queue. If it CANNOT
Output the character within OUTTRIES, it returns COM_TIMEOUT. If you pass
a bad port address it returns COM_BADPORT. Success returns COM_SUCCESS. */

int com_write(ComPort port, char c);
/* This sends an entire string out. If it succeeds it returns COM_SUCCESS. 60
If it cannot output a character within QU TTRIES, it returns COM_TIMEOUT. If
you pass a bad port address it returns COM_BADPORT. */

int com_scnd(ComPort port, char *msg);
/ *This routine opens and initializes the com port, it allocates its own memory
for the buffer too. ‘
Note that baud is the actual number cxcept 38 —> 38400 115 —> 115200
This will return: COM_SUCCESS COM_BADBAUD COM_BADPARITY COM_BADBITS COM_BA

COM_NOMEMORY COM_BADPORT :

int com_open([1, 2]JCom, Buffer Size, Baud Rate (cg. 1200),

['N’, ', °0’, "o’ "B’ ‘¢ [Parity, (7, 8]Bits, 70
{1, 2/StopBits)*/
int com_open(ComPort port, unsigned sizc, int baud,
char parity, int digits, int stop);

/ * This closes the port and frees the buffer. If leavedtr == ¢ i clears ditr
otherwise it sets it. */

void com_close(ComPort port, char leavedtr);
/ * Returns True (non zero) if carrier is present, False (zcro) otherwise */

int com_carricr(ComPort port);
/ ¥ Returns True (non zero) if DSR is present, False (zero) otherwise */

int com_dsr(ComPort port); 80
/ * Returns True (non zero) if PORT is READY for a new output character, False
(zero) otherwise */ ,

int com_rcady(ComPort port);
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/ * Drop the DTR signal on a COM port */
void com_dropdtr(ComPort port);
/ * Raise the DTR signal on a COM port */
void com_raiscdtr(ComPort port);
/ ¥ Reads a character from port. If there isn’t a char available it waits for
one. Otherwise it puts the character in *c and returns COM_SU CCESS */
char com_rcad_wait(ComPort port); 80
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1.6.2 Program Listing:

#define This_Version " com3_2.h"
/ * Defines for various port parameters */

#define BITS 7 0x00
#define BITS8 0x10

#define STOP_!

#define STOP_2 0x20
#define PARITY_NONE 0x00

/ * Data bits */

/* Stop bits */

#define PARITY ODD 0x40
#define PARITY EVEN 0x80

/* The basic problem with this code is that i doesn't manipulate
{on its own) the dtr flags and it doesn’t have an
output it will wait for a slot to
the buffer isn’t read frequently enough, data will overrun.

To use it, I use 2048 for the buffsize.
BUFFSIZE, 9600, 'N’,
To write something out,

and to read a characte
COM_NONEAVAIL, th

/* Parity modes */

output buffer. On
open before returning. On input,

Then, put a com_open(1,

8, 1) or whatever you need the rarameters to be.
use com_write or com_send,

, call com_read. If com_read returns

en no character is available (i.c., the code is nterrupt

driven, and doesn’t halt waiting for new characters. )

Look at the function declarations to get the parameters,

has been used with Turbo C andwith Microsoft C 6.0.

Command

com_open com.c

com_close
com_break
com_avail
com_flush_input
com_rcad
com_write
com_send
com_carrier
com_dsr
com_ready
com_dropdtr
com_raisedir
com_read_wait

/¥
/* FILE : com.c

Sends a break

Returns # of chars waitin;q to read
Flushes all received characters

Reads a character
Writes a character
Sends a string

Tests if a carrier is present
Tests if Data Set Ready is present
Tests if comm port can transmait

Drops DTR signal

Opens serial communication port
Closes serial communication port

Raises DTR signal

Reads a character, if not avail. it waits

10

20

30

40



46 CHAPTER 1. INTRODUCTION

/* Y/
/* These routines provide interrupt driven serial I/ O. */
/* */
/* AUTHOR : Russell Neeper */ 50
/* */
/* MODIFICATIONS : */
/* */
/* date programmer version comments */
/¥ e — e */
/*  Spring ‘89 RN 1.0  initial version
Y/
/*  Fall ’90 RN 2.0  Fized initialization bugs,
¥/
/* No longer uses BIOS, added */ 60
/* flush command. */
/* Jan 17, 92 LJE 2.1  Added a few characters to */
/* climinate warnings in TurboC ¥/ .
/* Jan 6, 95 LJE 32  Cleaned up some comments ¥/
/* Fized com_send +/
/* Changed name of flush *
/* Changed return values to be descriptive */
/* */
/ H

#include <dos.h>
#include <bios.h>
#include <conio.h>
#include <stdlib.h>
#include This_Version

/ ¥ Various PIC/ COM masks and values */

#define PIC_MASK 0x21
#define PIC_EOI 0x20 80
#define ERR.MSK 0x0E

/ * Definitions for interrupt handling */
/* COM port offsets */

#define COM_DATA 0 /* Data received on this If O address */

#define COM_IER 1 /* This register enables interrupts */

#define COM_LCR 3 /* Line control register */

#define COM_ MCR 4 /* Control Register (signals) */ 80
#define COM_STAT 5 /* Status Register */

##define COM_MSR 6 /* Modem Status Register */
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/ * Data for installing COM port interrupts */

#define COMINT_1 0x0C /* 0z0C handles IRQ4 or COM1 by standard ¥/
#define INT MASK_1 0x10 /* Mask for PIC (programmable interrupt controller)
8

2594 */

#define COMINT 2 0x0B /* 0z0B handles IRQ3 or COM?2 by standard *400
#define INT_MASK 2 0x08 /* Mask for PIC (programmable interrupt controller)
8

2594 */

#ifdef _TURBOC_

void interrupt (far *old_coml_int)();/ *LJE Added far */

void interrupt (far *old_com2_int)();
/ *void interrupt ( *old_com1_int)();

void interrupt (*old_com2_int)();*/

#else : 110
void (intcrrupt far *old_com1_int)();

void (interrupt far *old_com2_int)();

#define inportb inp

#define outportb outp

#define outport outpw

#define disable _disable

#define cnable _cnablc

#define sctvect _dos_sctvect

#define getvect _dos_getvect

#endif 120

static void docnable( int); /*LJE*/

volatile char *msgBuffl;

unsigned int sizcl,availl; '

volatile unsigned int lastPosl = 0; /*LJE 1/6/95 added unsigned*/
volatile unsigned int curPosl = 0; /*LJE 1/6/95 added unsigned */

volatile char *msgBuff2;

unsigned int sizc2,avail2; 130
volatile unsigned int lastPos2 = 0; /*LJE 1/6/95 added unsigned*/
volatile unsigned int curPos2 = 0; /*LJE 1/6/95 added unsigned */

unsigned COMADDRI;
unsigned COMADDR2;

/* ________________________________________________________

void far interrupt com!_int() / *LJE added far*/

{ 140
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if ((inportb(COMADDRI1+COM_STAT) & ERR_MSK) == 0) {
/* If no error occured, then store the character */
msgBuffl{curPosl] = ( char) inportb(COMADDRI):/ *LJE added char 1/5/95%/
if (++curPosl >= sizcl) curPosl = 0;
availl++;
} else {
/* Else, remove the erronecous character */
inportb(COMADDRI1);
}
outportb(0x20,0x20); 150

}

void far interrupt com2_int() / *LJE added far*/
{
if ((inportb(COMADDR2+COM STAT) & ERR_MSK) == 0) {
/* If no error occured, then store the character */
msgBuff2[curPos2] = ( char) inportb(COMADDR2);
if (++curPos2 >= sizc2) curPos2 = 0;
avail2++;
} else{ 160
/ * Else, remove the erroncous character */
inportb(COMADDR2);

}
outportb(0x20,0x20);

/ *This routine sends a break out port, then delays for I Notice it is commented

out because delay doesn’t work */
/* 170

void com_break(ComPort port, unsigned int )

{

unsigned int addr;

addr = ((port == 2) ¥ COMADDR2 : COMADDR!) + COM_LCR;
outportb(addr,inportb{addr) | 0240); delay(l);
outportb(addr,inportb(addr) " 0z40);
outportb(addr+COM_IER,0x0B);

}

*/ 180

/* _________________________________________________________

/ * Return the number of available input chars on a COM port */

/* _________________________________________________________

int com_avail(ComPort port)

{

switch(port) {
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case 1: return (availl);
case 2: return (avail2);

default: return 0; 190
}
}
/ e
/* Flush all input from the COM port */
/ e e

void com_flush_input(ComPort port)
{
switch (port) { 200
case 1:
disable(); /* Disallow ints while flushing */
availl = curPosl = lastPosl = 0;
cnable();
break;
case 2:
disable(); /* Disallow ints while flushing */
avail2 = curPos2 = lastPos2 = 0;

cnable();
break; 210
default: break;
}
}
/ e e

/* Reads a character from port. If there isn't a char available it returns
COM_NONEAVAIL Otherwise it puts the character in *c and returns COM_SUCCESS
*
/
int com_rcad(ComPort port, char *c)
{ 220
switch (port) {
case 1.
if (curPosl != lastPosl) {
*c = msgBuffl[lastPosl];
if (++lastPosl >= sizcl) lastPos] = 0;
disable();
availl ——;
cnable();
return COM_SUCCESS;
} 230
break;
case 2:
if (curPos2 != lastPos2) {
*c = msgBuff2[lastPos2];
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if (++lastPos2 >= sizc2) lastPos2 = 0;
disable();
avail2——;
cnable();
return COM_SUCCESS;
} 240
break;

}
return COM_NONEAVAIL:

}
/ e .

/ * Reads a character from port. If there isn’t a char available it waits for
one. Otherwise it puts the character in *c and returns COM_SUCCESS */
char com_rcad_wait(ComPort port)

{ 250
char c; :
while(com rcad(port,&c) == COM_NONEAVAIL){}
return(c);
}
/ e

/ * Writes character out port. Actually puts it in the queue. If it CANNOT
Output the character within OUTTRIES, it returns COM_TIMEOUT. If you pass
a bad port address it returns COM_BADPORT. Success returns COM_SUCCESS. */
int com_writc(ComPort port, char c) 260
{

#define OUTTRIES 10000

unsigned int addr, t=0;

t = 0;/*LJE 1/6/95 I never trusted the initialization in the declaration*/

if (port == 1) addr = COMADDRI;

else if (port == 2) addr = COMADDRZ2;

else return COM_BADPORT;

while (!(inportb(addr+COM_STAT) & 0x20) && (++t < OUTTRIES));
if (¢ >= OUTTRIES) return COM_TIMEOUT,; 270
outportb(addr, ¢);
return COM_SUCCESS;
}

/* __________________________________________________________

/* This sends an entire string out. If it succeeds it returns COM_SUCCESS.

If it cannot output a character within OUTTRIES, it returns COM_TIMEOUT. If

you pass a bad port address it returns COM_BADPORT. */

int com_scnd(ComPort port, char *msg)

{ - 280
int c; /*LJE 1/6/95 used to be char and set to 0%/
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¢ = COM_SUCCESS; /*LJE 1/6/95 Not sure how thig ever worked without this*/
while (*msg && (c == COM_SUCCESS)) ¢ = com_writc(port, *msg++);
return c;

}

/ et
/* Enable a COM port given its 1/ O port address and other data ¥

/*__—___—_‘———-—‘“—_"—_————_‘—,_ ___________________________

static void docnable( int addr)
{
/* Set DLAB bit to zero to ensure that we *
/¥ access the correct COM port registers */
outportb(addr + COM_LCR, inportb(addr + COM_LCR) & 0x7F);

/* Turn off the chip’s interrupts to start with */
outportb(addr + COM_IER,0);
outportb(addr + COM_MCR,8); /* Just DTR up for now */
300
/ * Read status and data ports to clear any outstanding errors ¥
inportb(addr + COM_STAT);
inportb(addr);

/* Set ints for data available */
outportb(addr + COM_IER,1);

/ *This routine opens and initializes the com port, it allocates its own memory  3io
for the buffer too.
com_open(f1, 2/Com, Buffer Size, Baud Rate (eq. 1200),
[N, 'n’, ’0°, *0’, B’ % [Parity, (7, 8/Bits, ‘
[1, 2/StopBits)
Note that baud is the actual number except
b=38 —> 98400
b=115 —> 115200
This will return:
COM_SUCCESS
COM_BADBAUD 320
COM_BADPARITY
COM_BADBITS
COM_BADSTOP
COM_NOMEMORY
COM_BADPORT
Y/
int com_open(ComPort port, unsigned int sizc, int baud, char parity, int digits,
int stop)
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unsigned int addr;

static int divisors[11] =

{0x0417,0x0300,0x0180,0x00E0,0x0060,
0x0030,0x0018,0x000C,0x0006,0x0003,
0x0001};

unsigned valuc,parms;
unsigned char ch;

int b,p,d,s;
switch (baud) {
case 110: b=0; break;
case 150: b=1; break;
case 300: b=2; break;
case 600: b=3; break;
case 1200: b=4; break;
case 2400: b=5; break;
case 4800: b=6; break;
case 9600: b=7; break;
case 19200: b=8; break;
case 38: b=9; break;
case 115: b=10; break:
default: return(COM_BADBAUD);
}
switch (parity) {
case ’N’:
case ’n’: p=PARITY NONE; break;
case 'E’: :
case ’e’: p=PARITY EVEN; break;
case ‘0’
case ’0’: p=PARITY_ODD: break;
default: return(COM_BADPARITY);

}

switch (digits) {
case 7: d=BITS_7; break;
case 8: d=BITS_8; break;
default:

}

return(COM_BADBITS);

switch (stop) {
case 1: s=STOP_l: break;
case 2: s=STOP_2; break;
default:

}

return(COM_BADSTOP);

switch (port) {
case 1:
addr = COMADDRI = *(( int far *)0x400L):

/* COM port baud rate divisors */

330

340

370
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availl = curPosl = lastPosl = 0;

sizel = sizc;

msgBuffl = ( char *) malloc(sizcl);

if (!msgBuffl) return(COM_NOMEMORY); ‘ 380

docnable(COMADDRI1); /* Setup the regs */

/* Setup the ISR details */

old_coml_int = getvect(COM_INT_1);
sctvect(COM_INT_1,com1_int); /¥ attach com interrupt */
/* Now turn on DTR, RTS and OUT2: all ready ¥
outportb(COMADDR1 + COM_MCR,0x0B);

/ * Program the PIC to handle COM! interrupts */ 390
ch = ( char) inportb(PIC_MASK); /* Read current mask */

ch &= (0xFF"INT_MASK_1);/ * Resct mask for COM1 ¥/
outportb(PIC_MASK,ch); /* Send it to the 82594 */

break;
case 2:
addr = COMADDR2 = *(( int far *)0x402L);

avail2 = curPos2 = lastPos2 = 0;

size2 = size; 400
msgBuff2 = ( char *) malloc(sizc2);

if (msgBuff2) return(COM_NOMEMORY);

docnable(COMADDR2); /* Sctup the regs */

/ * Setup the ISR details */

old_com2_int = getvect(COM_INT_2); ‘
sctvect(COM_INT_2,com2_int); / ¥ attach com interrupt */

/* Now turn on DTR, RTS and OUT2: all ready ¥/ 410
outportb(COMADDR2 + COM_MCR,0x0B);

/* Program the PIC to handle COMS interrupts ¥/

ch = ( char) inportb(PIC_MASK): /* Read current mask ¥/
ch &= (0xFF"INT_MASK_2); / ¥ Reset mask for COM?2 */
outportb(PIC_MASK,ch); /¥ Send it to the 82594 */
break;

default: return(COM_BADPORT); 420
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parms =b | p|d |s;

valuc = (parms & BITS_8) ? 0x03 : 0x02;

if (parms & STOP_2) valuc |= 0x04;

if (parms & PARITY_ODD) valuc |= 0x08;
if (parms & PARITY_EVEN) valuc |= 0x18;

outportb (addr + COM_LCR,valuc | 0x80); /* Set parms and DLAB ¥ a0
outport (addr,divisors[parms & 0xO0F]); /* Set the baud rate */
outportb (addr + COM_LCR,valuc); /* Clear DLAB bit +

return(COM_SUCCESS);

/ e e
/ * This closes the port and frees the buffer. If leavedtr == 0 it clears dtr

otherwise it sets it. */
void com_closc(ComPort port, char leavedtr) 440

{
char ch;

switch(port) {
case 1.
curPosl = 0; lastPosl = 0;
ch = ( char) inportb(PIC_MASK); /* Get 82594 (PIC) Mask */
ch |= INT_MASK_1; /* Set Interrupt Mask COM1 */
outportb(PIC_MASK,ch); /* Write int. mask to 82594 */
/* Clear the interrupt enable register */ . 450
outportb(COMADDRI1 + COM_IER,0);
/* Clear OUT2, and set DTR as required */
if (leavedtr)
outportb(COMADDR1 + COM_MCR,1);
else
outportb(COMADDRI + COM_MCR,0);
sctvect(COM_INT _1,0ld_com1_int); /* Restore COM1 int *
free(( void*)msgBuffl); /*LJE added void* to avoid warning*/
break;
case 2: 460
curPos2 = 0; lastPos2 = 0;
ch = ( char) inportb(PIC_MASK); / * Get 82594 (PIC) Mask */
ch |= INT_MASK_2; /* Set Interrupt Mask COM1 */
outportb(PIC_MASK.ch); /* Write int. mask to 82594 Y
/¥ Clear the interrupt enable register */
outportb(COMADDR2 + COM_IER,0);
/¥ Clear OUTZ, and set DTR as required */
if (lcavedtr)
outportb(COMADDR2 + COM_MCR,1);
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else
outportb(COMADDR2 + COM_MCR,0);
sctvect(COMLUINT 2,0ld_com2_int);  /* Restore COM2 int */
free(( void*)msgBuff2); /*LJE added void* to avoid warning®/
break;
default: break;

}
}

/* ___________________________________________

/* Test to see if a carrier is present */
/ * Returns True (non zero) if carrier is present, False (zero0) otherwise

)

/* ___________________________________________
int com_carricr(ComPort port)
{
switch (port)
{
case 1: return ((inportb (COMADDRI + COM_MSR) & 0x80) != 0);
case 2: return ((inportb (COMADDR2 + COM_MSR) & 0x80) != 0);
default: return COM_FALSE;
}
}
/* ___________________________________________

/ * Test to sce if the DSR (Data Set Ready) signal is present
/* Returns True (non z2ero) if DSR is present, False (zero) otherwise

/* ___________________________________________

int com_dsr(ComPort port)

{

switch (port)

case 1: return ((inportb (COMADDRI1 + COM_MSR) & 0x20) != 0);
case 2: return ((inportb (COMADDR2 + COM_MSR) & 0x20) != 0);

default: return COM_FALSE;

/* Test to see if the COM port is ready for a new */
/ ¥ character to transmit. *
/ * Returns True (non zero) if PORT is READY, False (zero) otherwise

int com_rcady(ComPort port)

[}
(7]

480

490

*/
*/

500
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{
switch (port)
{
case 1: return ((inportb (COMADDRI + COM_STAT) & 0x20) !=0):; 520
case 2: return ((inportb (COMADDR2 + COM_STAT) & 0x20) != 0);
default: return COM_FALSE;
}
}
e
/ * Drop the DTR signal on a COM port ¥/
/ e
void com_dropdtr(ComPort port) 530
{
switch (port)
{
case 1: outportb (COMADDR1 + COM_MCR,0x04 ); break;
case 2: outportb (COMADDR2 + COM_MCR.0x0A ); break;
}
}
[
/ * Raisc the DTR signal on a COM port ¥ 540
/ Bt
void com_raiscdtr(ComPort port)
{
switch (port)

case 1: outportb (COMADDRI + COM_MCR,0x0B ); break;
case 2: outportb (COMADDR2 + COM_MCR.0x0B );” break:
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1.7 MAKEFILES, Directories and Other Files

The “main” programs (those listed in this chapter) are kept in a directory
together. They are maintained using the following makefile.

1.7.1 Make File Listing:

a : testhist.cxc

testhist.cxe : testhist.obj messages.obj modlib\targa.lib makefile com3_2.0bj
link /st:27000 /CO /E /NOI /NOLOGO tcsthist+messages+irgsctup+com3_2,,,targraf+ltplib+grap!

init_vid.cxc : init_vid.obj modlib\targa.lib makefile
link /st:27000 /CO /E /NOI /NOLOGO init_vid+messages-+irgsctup,,,targraf+1tplib+graphics+moc

init_vid.obj : init_vid.c targa.h
cl /nologo /W4 /Fs /Zi /c /AL init_vid.c : 10

testhist.obj : testhist.c targa.h com3_2.h
cl /nologo /W3 /Fs /Zi /c /AL testhist.c

messages.obj: messages.c targa.h
cl /AL /nologo /c /W3 /Fs /Zi mcessages.c

uscr.obj : user.c uscr.h targa.h
cl /AL /nologo /c /W3 /Fs /Zi uscr.c

20

com3_2.0bj : com3_2.c com3_2.h
cl /nologo /W3 /Fs /Zi /c /AL com3_2.c
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The library is located in a subdirectory of the maijn files and are maintained
via makefile, makelib and makedoc.bat files. The library’s makefile does the
following:

1. Compiles the .c files using options: /W4 (warnings), /Fs (listing), /2Zi
(code view debugger), /c (compile only), /AL (large memory model,
compatible with Targa).

2. Puts the .obj files in a library. Uses makelib for a listing of the .obj to
put in the library.

3. Calls makedoc.bat to build the targa.h file.

4. Puts targa.h in the PARENT directory of the library (this would be the
directory containing the main routines). The idea is your main program
etc. goes in some directory (call it c:/X) and the TRAC library goes in
c:/X/lib. Targa.h (which the makefile deposits in c:/X) contains all of
the .h files so your main program need only include g single .h file.

The makefile is processed with the command: nmake(Enter). The library's
makefile, makelib and makedoc.bat files follow. Watch out for the following.
In the line that compiles targa8.c there is an option DTAMU this says the
file is being compiled at TAMU (version 6 of MSC). There are some version

1.7.2 Make File Listing:

#The following arc in the library
#removed geometry to use newgeo never compiled since multiple leds

del targa.lib
lib @makelib
makedoc.bat

blob.obj : blob.c datatype.h blob.h targa8.h memory.h misc.h
cl /nologo /W4 /Fs /Zi /¢ /AL blob.c 10

dip.obj : dip.c datatypec.h plot.h dip.h target.h
cl /nologo /W4 /Fs /Zi [c /AL dip.c

geometry.obj : geometry.c datatypce.h gcometry.h memory.h
cl /nologo /W4 /Fs /Zi [c /AL geomctry.c

memory.obj : memory.c mcmory.h
cl /nologo /W4 /Fs /Zi /¢ /AL memory.c
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MISC.obj : MISC.c misc.h datatypc.h
cl /nologo /W4 /Fs /Zi /c /AL MISC.c

PLOT.obj : PLOT.c plot.h datatypc.h
cl /nologo /W4 /Fs /Zi /c /AL PLOT.c

posc.obj : posc.h datatypc.h posc.c misc.h
cl /nologo /W4 /Fs /Zi /c /AL posc.c

TARGAS8.obj : TARGAS8.c targa8.h datatypc.h
cl /DTAMU /nologo /W4 /Fs /Zi /c /AL TARGAS.c

TARGET.obj : TARGET.c datatypec.h targa8.h targct.h misc.h
cl /nologo /W4 /Fs /Zi /c /AL TARGET.c

targutil.obj : targutil.c targutil.h datatypc.h targa8.h misc.h
cl /nologo /W4 /Fs /Zi /c /AL targutil.c

accum.obj : accum.c datatypc.h accum.h targa8.h
cl /nologo /W4 /Fs /Zi fc /AL Accum.c

roi.obj : roi.c datatypc.h roi.h TARGA8.h TARGET.h PLOT.h MISC.h DIP.h

cl /nologo /W4 /Fs /Zi /c /AL roi.c

20

30

40
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1.7.3 Make File Listing:

targa.lib

Y

+PLOT.OBJ &
+MEMORY.OBJ &
+MISC.OBJ &
+POSE.OBJ &
+TARGA8.0BJ &
+BLOB.OBJ &
+DIP.OBJ &
+TARGUTIL.OBJ & 10
+GEOMETRY.OBJ &
+ACCUM.OBJ &
+ROI.OBJ &
+TARGET.OBJ
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1.7.4 Batch File Listing:

rcname datatype.h datatype.hh
copy *.h lib.hh

recname datatype.hh datatype.h
copy datatypc.h lib.h

typc lib.hh >> lib.h

copy lib.h ..\targa.h

del lib.hh

del lib.h

61
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Chapter 2

accum.c, accum.h

Documentation Date: 3/9/95

2.1 Accumulating Images To Build Signal

The routines in this file accumulate the signal from a series of images to build
the signal. They are used when there is low light levels returning such as in
long distance applications.

New Data Types:

None.

Definitions: None.

2.1.1 Header File Listing:

#ifndef ACCUM_H
#define ACCUM_H

long NewDoAccumulation( int on, int off, int accum, int accumshow);
void DoAccumulation( int on, int off, int accum);-
#endif

63
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2.2 Function: NewDoAccumulation

Documentation Date: 3/9/95

Prototypes:

long NewDoAccumulation(int on, int off, int accum, int accumshow) ;

Source File: accum.c
Type of Function: User Callable
Header Files Used in accum.c: “datatype.h” "targa8.h” "accum.h”

Description:

This routine takes four image numbers. Image numbers on and off are obvi-
ous. Frame accum is a temporary image that holds the history of bright pixels.
Image accumshow is the accumulated image. Don't display accum, it will look
weird. Accumshow can be displayed. Basically the on and off are subtracted,
any subtracted pixel that has intensity greater than 1 gets its subtracted in-
tensity added to the corresponding pixel in accumshow. Now, the history is
tested for the pixel. If the pixel had a subtracted intensity greater than 1 in
any three of the previous four processing steps. Then the accumulated pixel in
accumshow is left alone. If the pixel was not “bright enough” in three of the
four previous steps, the pixel in accumshow is set to zero (black). The return
value is the number of saturated pixels in accumshow. Accumulations greater
than 255 (white) are chopped back to 255.

2.3 Function: DoAccumulation

Documentation Date: 3/9/95

Prototypes:

void DoAccumulation(int on, int off, int accum);

Source File: accum.c

Type of Function: User Callable

Header Files Used in accum.c: “datatype.h” "targa8.h” "accum.h”

Description:

This routine takes three image numbers. Image numbers on and off are obvi-
ous. Frame accum is a temporary image that holds the accumulated image.
Accum can be displayed. Basically the on and off are subtracted, any sub-
tracted pixel that has intensity greater than 0 gets its subtracted intensity
added to the corresponding pixel in accum. Accumulations greater than 255
(white) are chopped back to 255.
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2.3.1 Program Listing:

#include "datatype.h"
#include "targa8.h"
#include "accum.h”

ImagcLinc online, offling;
ImagcLine accumline;
void DoAccumulation( int on, int off, int accum)
{
int ij;
long tcmp; 10
for(i=0;i<IMAGEHEIGHT;i++){
GetLinc(i, on, onlinc);
GetLinc(i, off, offlinc);
GetLine(i, accum, accumlinc);
for(j=0;j<IMAGEWIDTH;j++){
temp = (( long) onlinc[j] — ( long) offlinc(j)):
if (temp > 0)temp = ( long) accumline[j] + temp:
else temp = 0;
if(temp > 255) temp = 255;
accumline(j] = (Pixel) temp; 20

PutLinc(i, accum, accumlinc);

}
}

ImagcLine testaccumline;
long NewDoAccumulation( int on, int off, int testaccum, ‘int accum)

{
int i,j;
long temp,temp?2; _ 30
long numof255s;
numof255s = 0;
for(i=0;i<IMAGEHEIGHT;i++){
GetLinc(i, on, onlinc); //Single line from "on" frame
GetLinc(i, off, offinc); //8ingle linc from "off" frame
GetLinc(i, accum, accumlinc); //Single linc from accumulation framc
GetLine(i, testaccum, testaccumline); //Single line from "history" framc
for(j=0;j<IMAGEWIDTH;j++){
temp = (( long) onlinc[j] — ( long) offline(j]); //Difference of on and
off (i.j) pixcl 40
if (temp > 1){ //1f difference is 2 or more gray levels
temp2 = ( long) accumline(j] + temp; //Add difference of pixels to accumulation
temp = (( long) testaccumline(j])/2; //Shift bits in history linc
temp = 128 + tcmp; //Turn on first bit in pixcl history
}

else { //Difference is less than 1 gray level
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temp = (( long) testaccumlinc(j])/2; //No difference, shift bits in history

line

temp2= ( long) accumlinc(j]; //Docs not change, added 1 /13/95
} 50
if(temp > 255) temp = 255; //truncatc history frame (nccessary?)
if(tcmp2 > 255){ //Truncatc at brightest level
temp2 = 255;
numof255s++; //Count number of brightest pixels

accumlinc[j] = (Pixcl) temp2; //Sct permancnt accumulation line

testaccumline(j] = (Pixcl) temp; //Sct permancnt history line

temp = temp / 16; //Temp is 8 bits, look at first 4 bits

//pixcl on in 3 of last 4 subtractions
// if(!(((temp>12) && (temp<16)) || (temp==11) || (temp==7)) ) accum!linsj]
= (Pixel) 0;
//0110,0111,1011,1100,1101,1110,1111 original test for good pixcl

if( !(((temp>10) && (temp<16)) || (temp==6) || (temp==7)) ) accumlinc(j]
= (Pixel) 0;

}
PutLinc(i, accum, accumlinc); //Put accumulation linc back in frame
PutLinc(i, testaccum, testaccumline); //Put history linc back in frame

}

return numof255s;

} 70



Chapter 3
blob.c, blob.h

Documentation Date: 6/27/94

3.1 Perform Blob Analysis.

The one user callable routine in this file subtracts images and performs a blob

analysis.
New Data Types:

¢ typedef long Bsize;
* typedef DPixel Tag; /*A name for the blob*/
¢ typedef long DoWa;

o struct BlobStruct { Tag tag; /*Its name*/ char active; /*Active blobs
are still growing*/ Bsize size; /*Number of Pixels* / Bsize rsum; /*Row
number sum*/ Bsize csum; /*Column number sum* / Bsize totalbright;
/*Sum of all pixels*/ DoWa totalbrightsg; /*Sum of all pixels sq.*/ long
numwraps; struct BlobStruct *previous; struct BlobStruct *next; };

o typedef struct BlobStruct BLOBSTRU;

Definitions:
¢ BIGINT = 2000000000

* IsBright(pixel,NegThreshold,PosThreshold) = ((pixel<NegThreshold) ||
(pixel>PosThreshold))

¢ LeftNeighbor(row column,start,resol) = ((column>start)?(row[column-
resol]):start)

* UpperNeighbor(row,column) = (row[column])

67
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¢ NoSubtract = 1

¢ SingleSubtract = 2

¢ DoubleSubtract = 3

* SameSign(a,b) = (((a > 0) && (b > 0) 1l ((a < 0) && (b < 0)))

3.1.1 Header File Listing:

#ifndef BLOB_H
#define BLOB_H
/ *This is intended for the Targa board */
/ *blob analysis for pagel — page2*/
/ *Description:
posblobs have intensity above PosThreshold
negblobs have intensity below NegThreshold
on return Neg(pos)numbertofind = actual number found
If StoragePage is nonnegative StoragePage contains the absolute value of subtracted
pages 10
The blobs are stored in posblobs and negblobs
If SecondOn > =0 then double subtract
Threshold of FirstOn — Dim and Threshold of SecondOn — Dim
If Off < 0 then no subtract
Else Threshold of FirstOn — off
*
/
int ExtractBlobs( int FirstOn, int Of, int SccondOn, int StoragcPage, int *NegNumberToFind,
DPixcl NegThreshold, OncBlob *ncgblobs, int *PosN umberToFind, DPixcl PosThreshold,
OncBlob *posblobs, OncBlob *background, long LargestToFind,' long Smallest ToFind,
ROI roi); 20
/ *Errors: 0 is success */
#define ERROR_CHECKING
#define BAD XS 1
#define BAD XE 2
#£define BAD . YS 3
#define BAD YE 4
#define BAD_RESOLUTION 5
#Hendif
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3.2 Function: ExtractBlobs

Documentation Date: 6/24/94

Prototypes:

int ExtractBlobs(int FirstOn, int 0ff, int SecondOn, int StoragePage,
int *NegNumberToFind, DPixel NegThreshold, OneBlob *negblobs, int
*PosNumberToFind, DPixel PosThreshold, OneBlob *posblobs, OneBlob
*background, long LargestToFind, long SmallestToFind, ROI roi)
Source File: blob.c

Type of Function: User Callable

Header Files Used in blob.c: <stdlib.h> <stdio.k> <math.h> "datatype.h”
"targa8.h” "blob.h” "memory.h” "misc.h”

Description:

This routine performs a single or double subtract on images and determines
the blobs present in the resulting image. It can find both positive and negative
blobs simultaneously. A positive blob is one with intensity > 0 after subtrac-
tion. A negative blob has intensity < 0 after subtraction. The roi is a Region
of Interest and determines the subset of the image to search.

FirstOn, Off, SecondOn and StoragePage are image numbers. To perform
blob analysis without subtraction set Off and SecondOn to -1. To perform
single subtraction set SecondOn = -1. If you do not want to see the image as
it is being processed set StoragePage = -1. The only TARGA image memory
that is modified is the image located at StoragePage. It is possible to perform
the blob analysis without destroying any image data, just set StoragePage
= -1. When “storing” (displaying) the results as they are processed (when
StoragePage > -1), the routine shows:

1. the FirstOn frame (when Off = -1) line by line as the blobs are extracted;
or

2. FirstOn - Off line by line.

PosNumberToFind (NegNumberToFind) is the number of positive (nega-
tive) blobs to find. Either one can be zero. The routine first finds all of the
blobs, then it picks out the PosNumberToFind (NegNumberToFind) largest
positive (negative) blobs and ignores the rest. You do not save much time by
setting these to small values since the routine first finds all blobs then selects
them.

PosThreshold (NegThreshold) is a positive (negative) number that indi-
cates whether a pixel belongs in a blob. The test applied is: “A pixel is Bright
(should be in a blob) IF its intensity < NegThreshold OR its intensity >
PosThreshold”. This test is applied differently for each subtraction algorithm
as follows:
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a bcdefg

OO~ WON -

Figure 3.1: A U Shaped Blob and a Small Piece of “Noise” .

1. For No Subtraction: Is FirstOn pixel intensity bright?
2. For Single Subtraction: Is FirstOn - Off pixel intensity bright?

3. For Double Subtraction: Is FirstOn - Off pixel intensity bright AND
is SecondOn - Off pixel intensity bright AND are they both positive or
both negative? If so, their average intensity is used in the blob.

If you do not want to find negative blobs and you want the algorithm to execute
quickly, you should set NegThreshold -255 so nothing negative will pass the
brightness test.

The background is a blob of everything that does not pass the threshold
test. LargestToFind and SmallestToFind are size limits (in pixels) for the
blobs. It is applied after each line is processed. All blobs that have stopped
growing are tested to see if they pass the size restrictions. If they fail, they
are put in the background and deleted.

The roi is a region of interest. Its data structure contains the starting and
ending rows and columns of a rectangle to search and the resolution to use in
the search. If resolution is 1, the routine searches every row and column in the
roi. At resolution 2, every second row and column are searched.

3.2.1 Theory

Figure 3.1 shows a u shaped blob in an image and a one pixel piece of noise.
The horizontal lines indicate rows in the image. Numbers on the left indicate
row numbers. The dots indicate pixels in the image. The a, b, ¢ ... on the
top indicate columns in the image. This figure will be used to describe the
method used to find blobs.
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To find blobs, the algorithm keeps only two lines of image in memory. One
line is the one currently being processed (call it the current line), the second
line is the one just previous to the current (call it the previous line). The
previous data line does not actually contain image data. As the explanation
proceeds it will become clear what the data is. When the algorithm starts,
previous is set to zero. Since the algorithm implements a resolution (in the roi)
the previous and current lines may be separated. For example, if resolution is
2 and previous is line 3 then current is line 5. Also note that image subtraction
(if performed) is done “on the fly” so in actuality, the routine may use one, two
or three lines of data for current depending on whether no, single or double
subtraction is being performed. To understand blobbing however just imagine
that a subtraction has already been performed and we have only two lines of
data to look at.

When processing line 1 (see figure 3.1), no pixels pass the brightness test
because none of them contain part of the u shape. When line 1 finishes, we
have no blobs and previous is still all zero. As we process line 2 as current,
pixel 2,a is found to be bright. The algorithm looks to the left of pixel 2.a and
above 2,a to see if those pixels were also bright (how this is done will become
clear when 2,b is discussed). Since they were not bright, pixel 2,a is a member
of a new blob. A blob is created, given a tag or name (1 for example) and
pixel 2,a is added to the new blob (see routine PutltInBlob). After adding 2,a
to the blob named 1, the number 1 is stored in 1,a (previous line, column a).!
When 2,a is added to blob 1, the blob is set active (growing). Next pixel 2,b is
tested and found to be bright. The routine looks left (actually in previous,a)
and finds it non-zero (it is 1) which says pixel 2,b is a member of blob 1. Pixel
2,b is added to blob 1 and 1 is stored in previous,b. Pixel 2,c is found dim so
it is ignored hence previous,c is left zero. Pixel 2,d is tested and found bright,
previousc is zero so 2,d is considered a member of a new blob (call it blob 2).
A blob is created and 2.d is added to it. Blob 2 is made active (growing) and
2 (the blob pixel 2,d belongs to) is stored in previous;d. Pixel 2.e is added to
blob 2. Pixel 2,g becomes a member of blob 3.

At the end of the line, the routine looks for any inactive blobs. All three
blobs are active (growing) so we set them all inactive and proceed to process
line 3. When 3,a is found bright, we look left (nothing) and up (look at
previous,a). Since previous,a is 1, pixel 3,a is added to blob 1 and previous,a
is again set to 1 (no change actually). Since blob 1 had something added, it
is set active (growing). Eventually we get to 3,d which is added to blob 2 and
blob 2 is set active. After processing 3,e no other pixels are bright so we are
at the end of the line. At the end we look for inactive blobs and find blob 3.
Since blob 3 has stopped growing it is tested against the size limits, if it passes
it is kept. In fact, if blob 3 manages to pass the size tests, it will be retested
after every line. This is a waste of time but makes the logic easier.

! Actually previous,a is tested before 1 is stored in it. It will soon become clear why the
test is performed first.
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The only other interesting consideration is when pixel 5,c and 5,d are en-
countered. When 5,c is found bright and previous,b is found equal to 1, pixel
9,c is added to blob 1 and previous,c is set to 1 (standard procedure). Now
when §,d is found bright and previous,c is 1, it is added to blob 1. Now before
previous,d is changed to 1 it is tested (standard procedure). When previous,d
is discovered to equal 2, the algorithm realizes that blobs 1 and 2 are actually
the same. The routine adds blob 2 to blob 1 (see JoinBlobs) then replaces all
values of 2 in previous to 1. :
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3.3 Function: FindBlobPointer

Documentation Date: 6/24/94

Prototypes:

BLOBSTRU *FindBlobPointer(Tag tag)

Source File: blob.c ‘

Type of Function: Internal to the Library, Not User Callable

Header Files Used in blob.c: <stdlib.h> <stdio.h> <math.h> "datatype.h”
“targa8.h” "blob.h” "memory.h” "misc.h”

Description:

The BLOBSTRRU is only used in blob.c, it is a linked list of blobs. The list is
created by tacking new blobs onto the end of the list. The tag is basically a
Long Int number that numbers the blob. This routine searches the linked list
looking the the blob with a tag equal to what is passed to it. If it cannot find
one, it returns NULL. If it finds the correct blob, it returns its address.

3.3.1 Theory

This routine can certainly be improved. For example, most times we search
for the blob most recently added to the list (at the end), yet we begin the
search at the beginning. In addition, this could be eliminated with maybe a
hashing table (I think that is what it is called).
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3.4 Function: MakeAllBlobsInActive

Documentation Date: 6/24/94

Prototypes:

void MakeAllBlobsInActive()

Source File: blob.c _

Type of Function: Internal to the Library, Not User Callable

Header Files Used in blob.c: <stdiib.h> <stdio.h> <math.h> "datatype.h”

"targa8.h” "blob.h” "memory.h” "misc.h”

Description:

This routine looks through the BLOBSTRU linked list and sets all blobs as
inactive. This indicates that their size is no longer changing.

3.4.1 Theory

Whenever a pixel is added to a blob, the blob is set active which means it is
growing. After a line has been processed, all inactive blobs are tested to see if
they pass the minimum and maximum size limits then they are kept. If they
fail the tests they are deleted. This is done to reduce the amount of memory
used since there may be a large number of very small blobs. After testing
for active and inactive blobs, all of them are set inactive. In this way when
processing on the next line is finished, the only active blobs will be the ones
that have grown during that line.
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3.5 Function: PutItInBlob

Documentation Date: 6/24/94

Prototypes:

void PutItInBlob(DPixel *pixel, int row, int column, DPixel gray,
Tag tag)

Source File: blob.c

Type of Function: Internal to the Library, Not User Callable

Header Files Used in blob.c: <stdlib.h> <stdio.h> <math.h> "datatype.h”
"targa8.h” "blob.h” "memory.h” "misc.h”

Description:

Every pixel that passes the threshold test is added to a blob. The routine
receives a pointer to the pixel, the pixel’s row and column coordinatés on the
screen, its intensity and the name (tag) of the blob that the pixel belongs to.
The routine increments the blob named tag by the values sent, sets it active,
stores tag where the pixel used to be then returns.

3.5.1 Theory

This routine helps to compute the following items for every blob:
1. Area,
2. Row and column centroid,
3. Average brightness,
4. Standard deviation of brightness (actually it is the variance).

Area is computed as the number of pixels in the blob.

Here A is area, N, is the number of pixels in blob b. Row centroid is computed

as: ¥,
R= Eiy:l T
zi2i1(1)
The term r; is the row position of the sth pixel in blob b. Column centroid is
computed similarly. Average brightness is:

B = ——Z,s:bl L
Zi2()
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The brightness deviation is:

D = Ziti(li = B)
Ty (1)
PIRAPE 2
D=="—"1 _p
A
In this routine, only the sums are computed. The other calculations are per-

formed in CopyToBlobArray.

When a pixel in added to a blob the blob is made active. To understand
why this is done, see routine MakeAllBlobsInactive. To assist in processing
the next image line, the pixel intensity is replaced by the blob tag, see routine
BlobsInOneRow.
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3.6 Function: Miscellaneous Support Rou-
tines in Blob.c

Documentation Date: 6/27/94

Prototypes:

void KillAllBlobs()

void DumpAllBlobsIntoBackKill(void)

void CopyToBlobArray(BLOBSTRU * blob, OneBlob array[], int whichone,
int resolution)

BLOBSTRU * GetLargestPosBlob()

BLOBSTRU * GetLargestNegBlob()

Tag NewBlob()

void BlobsInOneRow(int SubtractType, int rownum, int xs, int xe,
int resolution, ImagelLine one, ImageLine two, ImageLine three, DImageline
neighbors, DPixel NegThreshold, DPixel PosThreshold)

void JoinBlobs(DImageLine row, Tag parentnum, Tag childnum)

void DumpBlobIntoBackgroundThenKill(BLOBSTRU *blob)

void DumpSmalllnactBackKill(Bsize smallsize) -

void DumpSmallBigInactBackKill(Bsize smallsize, Bsize largesize)

void KillBlob(BLOBSTRU *blob)
Source File: blob.c
Type of Function: Internal to the Library, Not User Callable
Header Files Used in blob.c: <stdlib.h> <stdio.h> <math.h> "datatype.h”
"targa8.h” "blob.h” "memory.h” "misc.h”

Description:

¢ KillAllBlobs - Killing a blob means freeing the memory it uses and piec-
ing the linked list back together. This kills all blobs.

¢ DumpAliBlobsIntoBackKill - This routine joins a blob to the background
blob then kills the blob.

o CopyToBlobArray - When we are finished finding blobs, we copy the
linked list into the return structure. It also computes centroids etc.
using the sums collected during blobbing.

¢ GetLargestPosBlob - Returns the address of the largest positive blob in
the linked list.

o GetLargestNegBlob - Returns the address of largest negative blob in the
linked list.

¢ NewBlob - Allocate memory for a new blob structure. Fit it into the
linked list. Returns its tag,.
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BlobsInOneRow - For a row rownum, check the bright pixels to see which
blob they belong to.

JoinBlobs - JoinBlobs join two blobs together then kill the child.

DumpBloblntoBackgroundThenKill - Join a blob to the background
blob, then kill the blob.

DumpSmalllnactBackKill - This walks the blob linkage and kills all in-
active blobs that are too small.

DumpSmallBiglnactBackKill - Join blobs that are too small or too big
to the background blob, then kill the blob.

KillBlob - To Kill a blob means to remove it from the linked list and free
its memory.
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3.6.1 Program Listing:

#include <stdlib.h>
#include <stdio.h>
#include <math.h>
#include "datatype.h"
#Finclude VISION_BOARD
#include "blob.h"
#include "memory.h"
#include "misc.h"

JHERRREF SRR ERRE R RERRRNEREH 1o

Local Prototypes and Definitions
b LY

/*A Bright pizel is < NegThreshold or > PosThreshold *

#define IsBright(pixcl,NegThreshold,PosThreshold) ( (pixcl<NegThreshold) || (pixel>PosThreshol
##define LeftNeighbor(row,column,start,resol) ((column>start)?(row|[column—resol]):start)
#define UpperNeighbor(row,column) (row|[column])

/ *This is a linked list of blobs */

typedef long Bsizc; .

typedef DPixcl Tag; / *A name for the blob*/

typedef long DoWa; 20
#define BIGINT 2000000000 / *if DoWa is a long*/

struct BlobStruct {

Tag tag; / *Its name*/
char active; / *Active blobs are still growing*/
Bsize sizc; / *Number of Pizels*/
Bsize rsum; / ¥*Row number sum*/
Bsizc csum; / *Column number sum?*/
Bsize totalbright; / *Sum of all pizels*/
DoWa totalbrightsq; [ *Sum of all pizels 2%/
long numwraps; _ 30

struct BlobStruct *previous;
struct BlobStruct *next:
k
typedef struct BlobStruct BLOBSTRU;

void DumpBlobIntoBackgroundThenKill(BLOBSTRU *blob);

void DumpAllBlobsIntoBackKill( void):

[/ *The tag is @ number designating the blob */

Tag NewBlob( void);

/ *JoinBlobs join two blobs together then kill the child*/ 40
void JoinBlobs(DImagcLinc row, Tag parcnt, Tag child);

/ *This puts information into blob tagged tag, then stores tag in the pizel at

row, col*/

void PutltInBlob(DPixcl *tagptr, int row, int col, DPixcl pixel, Tag tag);

/ *MakeAllBlobsInActive This walks the blob linkage and makes all of them inactive.
this means they have finished growing*/
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void MakcAllBlobsInActive( void);

void KillAllBlobs( void);

void CopyToBlobArray(BLOBSTRU * blob, OncBlob array[], int whichonc, int resolution);
BLOBSTRU * GetLargestPosBlob( void); 50
BLOBSTRU * GetLargestNegBlob( void);

Tag NewBlob();

/ *DumpSmallInactiveIntoBackground ThenKill This walks the blob linkage and kills

all inactive blobs that are too small */

void DumpSmalllnactBackKill(Bsizc small);

void DumpSmallBigInactBackKill(Bsizc smallsize, Bsize largesize);

void KillSmallandBigInactive(Bsize Smallest ToFind, Bsize Largest ToFind);

void MakcAllBlobsInActive();

/ *To Kill a blob means to remove it from the linked list and free its memory*/

void KillBlob(BLOBSTRU *blob); 60

void BlobsInOncRow( int SubtractType, int rownum, int xs, int xc, int resolution,
ImagcLinc onc, ImageLine two, ImagceLinc three, DImagcLine ncighbors, DPixcl
NegThreshold, DPixel PosThreshold); -
/ *FindBlobPointer looks for a particular blob tag and returns a pointer to the

tagged blob. NULL is a blob with tag is not found*/
BLOBSTRU *FindBlobPointer(Tag tag);

b e e

Local Data

R LY 7
BLOBSTRU *FirstBlob;

Tag BlobTag;

BLOBSTRU BackGround;

#define NoSubtract 1
#define SingleSubtract 2
#define DoublcSubtract 3

/ *This routine performs a single or double subtract on tmages and
determines the blobs present in the resulting image. It can find 80
positive blobs (those with intensity >0 after subtraction) and
negative blobs (intensity < 0 after sub.). The roi determines the region
of interest to scarch in.
FirstOn, Off, SecondOn and StoragePage are image numbers.
NegNumberToFind, NegThreshold and negblobs control finding the
negative blobs.
PosNum... control finding the positive blobs.
background is a blob of everything that does not pass the thresholds.
LargestToFind, Small... and roi are sizes and region of interest.
*/ 90
int ExtractBlobs( int FirstOn, int Off, int SccondOn, int StoragcPagc,
int *NegNumberToFind, DPixcl NegThreshold, OncBlob *negblobs,
int *PosNumbcrToFind, DPixcl PosThreshold, OneBlob *posblobs,
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OncBlob *background, long LargestToFind, long SmallestToFind,
ROI roi)
{
ImagcLinc *imlinc;
ImagcLince *once, *two, *three;
int i,r,c;
int SubtractTypc; 100
BLOBSTRU *TcmpBlob;
static DImagcLine *neighbors;
#ifdef ERROR_CHECKING
if( (roi.xs < 0) || (roi.xs > IMAGEWIDTH)) return(BAD_XS);
if( (roi.xc <= roi.xs) || (roi.xc > IMAGEWIDTH)) return(BAD_XE);
if( (roi.ys < 0) || (roi.ys > IMAGEHEIGHT)) return(BAD_YS);
if( (roi.yc <= roi.ys) || (roi.yc > IMAGEHEIGHT)) return(BAD_YE):
if( (roi.resolution < 1) || (roi.resolution > IMAGEWIDTH) ) return(BAD_RESOLUTION);
if( (roi.resolution > (roi.xc — roi.xs)) || (roi.resolution > (roi.yc—roi.ys))) return(BAD_RESO
#Fendif - 110

ncighbors = (DImagcLine *) MALLOC( sizeof(DImagcLinc));
onc = (ImagecLine *) MALLOC( sizeof(ImagcLinc));
if( (ncighbors == NULL) || (onec == NULL) )
Fatal Error_Mcssage("Out of Memory in Beginning of Blob.");

/ ¥*Determine method of subtraction. Possibilities are:
1. Don’t subtract, use FirstOn image (Selected if Off < 0)
2. Single subtract, use FirstOn — Off (Select if SecondOn < 0)
3. Double subtract, use FirstOn — Off anded with SecondOn — Off 120
(both subtractions must pass the threshold test) */
SubtractTypc = NoSubtract;
if(Off >= 0){
SubtractTypc = SingleSubtract;
two = (ImagcLinc *) MALLOC( sizeof(ImagcLinc));
if( (two == NULL) ) Fatal Error_Mcssage("Out of Memory in Beginning of Blob.");
if(SccondOn >= 0){
SubtractTypc = DoubleSubtract;
threc = (ImagcLine *) MALLOC( sizeof(ImagcLinc)):
if( (thrcc == NULL) ) Fatal Error_Mcssage("Out of Memory in Begimning of Blob.");

}
}

[ *If a non—negative storage page is given then show the image while
processing*/
if(StoragcPage > —1) {
imlinc = (ImagcLinc ¥) MALLOC( sizeof(ImagcLinc));
if( (imlinc == NULL) ) Fatal Error_Mcssage("Out of Memory in Beginning
of Blob.");

} 140
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LargestToFind = LargestToFind / (roi.resolution * roi.resolution);
Smallest ToFind = SmallestToFind / (roi.rcsolution * roi.resolution);

/ *The blobs are put in a linked list for this routine only.
Initialize list*/
FirstBlob = NULL;

BlobTag = 0;
BackGround.size = (Bsizc) 0;
BackGround.rsum = (Bsizc) 0; 150

BackGround.csum = (Bsize) 0;
BackGround.totalbright = (Bsize) 0;

/ *The following allows extra long ints*/
BackGround.totalbrightsq = (DoWa) 0:
BackGround.numwraps = 0;

/ *Prepare to process first line */
if(StoragcPage == —1)Status_Message( "Processing");
for(i=0;i<IMAGEWIDTH;i++)(*ncighbors)[i]=0;
160
/ *Process each image line*/
for(r=roi.ys;r<roi.yc;r=r+roi.rcsolution){
[/ *First get each line*/
/ ¥*GetLine and PutLine are device (TARGA) dependent*/
switch (SubtractTypc){
case DoublcSubtract:
/ *This says copy line r from SecondOn tmage
into array three*/
GctLinc(r,SccondOn,*thrcc);
case SinglcSubtract: 170
GetLine(r,Off, *two);
case NoSubtract:
GetLine(r,FirstOn,*onc);
}
/ *Display the line if necessary*/
if(StoragcPage > —1){
if(Off > —1){
for(c:roi.xs;c<roi.xc;c=c+roi.rcsolution){
(*imline)[c] = (Pixcl) abs( (DPixcl) (*onc)[c] — (DPixcl) (*two)[c] );
180
PutLinc(r,Stora.chagc,*imlinc);

}

else PutLinc(r,Storachagc,*onc);

}

/ *Find the pizels that belong to blobs in this row.
All blobs that have had pizels added become active during this step*/
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BlobsInOncRow(SubtractType, r, roi.xs, roi.xc, roi.resolution, *one, *two.,
*three, *ncighbors, NegThreshold, PosThreshold);
/ *Any blob that is inactive at this point has finished growing. 190
If it is through growing, check its size and kill it is the
wrong size. Kill means delete after dumping the information into
the background. */
DumpSmallBigInactBackKill((Bsizc) SmallcstToFind, (Bsize) LargestToFind):
/ *by making all blobs inactive, only the ones activated by the nezt row
will reactivate*/
MakcAllBlobsInActive();

}

/ *We have all the blobs were gonna get 200
Walk the list returning the largest blobs
Copy the largest blobs into the proper storage locations*/
for (r=0;r<*PosNumbcrToFind;r++){
TempBlob = GetLargestPosBlob();
if(TempBlob != NULL){
CopyToBlobArray(TempBlob,posblobs,r,roi.resolution);

KillBlob(TcmpBlob);
}
else *PosNumbcrToFind = r;
} 210

for(r=0;r<*NcgNumberToFind;r++){
TempBlob = GetLargestNegBlob();
if(TcmpBlob != NULL){
CopyToBlobArray(TempBlob,negblobs,r,roi.resolution);
KillBlob(TcmpBlob);

}
else *NcgNumberToFind = r;

}
/ *All remaining blobs are small ones*/
DumpAllBlobsIntoBackKill(); 220
/ *Copy the background to its proper storage area®/
CopyToBlobArray(&BackGround,background,0,roi.resolution);

/ *Free memory and return®/
FREE(ncighbors);
FREE(onc);
if(Off >= 0){
FREE(two);
if(SccondOn >= 0) FREE(thrcc);
} 230
if(StoragcPage > —1)FREE(imlinc);
if(StoragcPage == —1)clcar_status();
return(SUCCESS);
}



84 CHAPTER 3. BLOB.C, BLOB.H
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Local Functions
Killing a blob means freeing the memory it uses and piccing the linked 240
list back together. This kills all blobs.
HEEER R R R RN |
void KillAlIBlobs()
{
BLOBSTRU *blob, *prev;
blob = FirstBlob;
while(blob != NULL){

prev = blob;
blob = blob—>next;
KillBlob(prev); 250

}

/ *This routine joins a blob to the background blob then kills the
blob.*/

void DumpAlIBlobsIntoBackKill( void)
{
BLOBSTRU *blob, *prev;
blob = FirstBlob;
while(blob != NULL){ 280
prev = blob;
blob = blob—>ncxt;
DumpBlobIntoBackgroundThenKill(prev);
}
}

/ *When we are finished finding blobs, we copy the linked list into the
return structure. It also computes centroids etc. using the sums
collected during blobbing. */

void CopyToBlobArray(BLOBSTRU * blob, OncBlob array[], int whichone, it resolution)

{
double tcmp;
temp = ( double) blob—>numwraps;
temp = temp * ( double) BIGINT;
temp = temp + blob—>totalbrightsq;
array[whichonc].centx = ( ( double) blob—>csum )/ ( ( double) blob->sizc );
array[whichonc].centy = ( ( double) blob—>rsum )/ ( ( double) blob—>sizc );
array[whichonc].gray = ( ( double) blob—>totalbright )/ ( ( double) blob—>sizc

array[whichonc].variance = temp / ( ( double) blob—>size ) — array[whichows|.gray*array[whichonc
array[whichonc].size = blob—>size * rcsolution * resolution:
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array[whichone].radius = sqrt(array[whichonc].size / M_PI);

}

/ *Returns the largest positive blob in the linked list. ¥/
BLOBSTRU * GetLargestPosBloby()
{
BLOBSTRU *blob, *rctbl;
Bsizc largest; .
blob = FirstBlob; 200

retbl = NULL;
largest = 0;

while(blob!=NULL){
if(blob—>totalbright < 0) blob=blob—>next:
else{
if(blob—>sizc > largest){
largest = blob—>sizc;
rctbl = blob;
}
blob=blob—>next; 300
}
}

return rctbl;

}

/ *Returns the largest negative blob in the linked list. */
BLOBSTRU * GetLargestNegBlob()
{
BLOBSTRU *blob, *retbl:
Bsizc largest; 310
blob = FirstBlob;
retbl = NULL;
largest = 0;
while(blob!=NULL){
if(blob~>totalbright > 0) blob = blob—>next;
else{
if(blob—>sizc > largest){
largest = blob—>sizc;
retbl = blob;
} 320
blob=blob—>ncxt:

}
}

return rctbl;

}

/ *Allocate memory for a new blob structure. Fit it into the linked
list. Returns its tag.*/
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Tag NcewBlob()
{ 330
BLOBSTRU *ncwblob;
newblob = (BLOBSTRU *) MALLOC( sizeof(BLOBSTRU));
if(ncwblob==NULL){
Fatal Error_Mcssage("0ut of Memory.");
}
BlobTag++;
if(BlobTag<0){
Fatal Error_ Mcssage("This is a critical error. You have wrapped around on the
blob tags.");
exit(1); 340
}
ncwblob—>tag = BlobTag;
newblob—>size = newblob—>csum = newblob—>rsum = newblob—>totalbright = 0;
newblob—>totalbrightsq = (DoWa) 0;
newblob—>numwraps = 0;
newblob—>previous = NULL;
ncwblob—>next = FirstBlob;
ncwblob—>active = —1;
if(FirstBlob!=NULL)FirstBlob—>prcvious = ncwblob;
FirstBlob = ncwblob; 350
return(BlobTag);

}

#define SamcSign(a,b) (((a > 0) && (b > 0)) [| ((a < 0) && (b < 0)}))
/ *Set NegThreshold = — PIXEL_MAX to get only positive pizels */
/ * For row rownum, This routine checks the bright pizels to seec which blob they
belong to*/
void BlobsInOncRow( int SubtractType, int rownum. int xs, int xc, int resolution,
ImagcLinc onc, ImageLine two, ImageLine three, DImagceLinc ncighbors, DPixcl
NegThreshold, DPixcl PosThreshold) ' 380
{
int c;
DPixcl upper, left;
DPixcl tcmp;
int YesItIsBright;
DPixcl pixmag;
for(c=xs;c<xc;c=c-+resolution) {
/ *If pizel is bright consider it or else set it 0. */
YesItIsBright = 0;
pixmag = 0; 370
switch (SubtractType){
case NoSubtract:
pixmag = onc|c];
if(IsBright(pixmag, NegThreshold, PosThreshold)) YesltIsBright = 1:
break;
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case SinglcSubtract:
pixmag = (DPixcl) ( (DPixcl)onc[c] — (DPixcl)twolc] );
if(IsBright(pixmag, NcegThreshold, PosThreshold)) YesltIsBright = 1;
break;
case DoublcSubtract:
pixmag = (DPixcl) ( (DPixcl)onc[c] — (DPixcl)twolc] );
temp = (DPixel) ( (DPixcl)three[c] — (DPixel)twolc] );
if( (IsBright(pixmag, NegThreshold, PosThreshold)) && (IsBright(tcmp, NegThreshold,
PosThreshold)) && (SamcSign(pixmag,temp)) ) YesItIsBright = 1;
pixmag = (pixmag + temp)/2;
}
if(YesItIsBright){
upper=UppcerNcighbor(ncighbors,c);
left=LeftNeighbor(neighbors,c,xs,resolution);
if(lupper && MNeft){ 390
PutltInBlob(&ncighbors|c],rownum,c,pixmag,NewBlob());

}

else {
PutltInBlob(&ncighbors|c],rownum,c,pixmag,max(left,upper)):
if( (left!=upper) && (min(left,upper)) )JoinBlobs(ncighbors,upper,left);
}

}

else {
BackGround.size++;
BackGround.totalbrightsq = BackGround.totalbrightsq + (DoWa) (pixmmag*pixmag);
if(BackGround.totalbrightsq > BIGINT){
BackGround.numwraps+-+;
BackGround.totalbrightsq = BackGround.totalbrightsq — BIGINT:
}
BackGround.totalbright = BackGround.totalbright + pixmag;
ncighbors|c]=0;
}
}

380

}

410
/ *FindBlobPointer looks for a particular blob tag and returns a

pointer to the tagged blob. NULL is a blob with tag is not found. The
BLOBSTRU is a linked list of blobs and tag is basically a long int that
identifics the blob */
BLOBSTRU *FindBlobPointer(Tag tag)
{
BLOBSTRU *blob;
/ *FirstBlob is global to this file*/
blob = FirstBlob;
/ *Until you reach the last blob ask are you it?¥/ 420
while(blob!=NULL)

{
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if(blob—>tag==tag) return(blob);
blob = blob—>next;

}

/* If did not find it, return NULL*/
return((BLOBSTRU *)NULL);

}

/ *JoinBlobs join two blobs together then kill the child*/ 430
void JoinBlobs(DImagcLinc row, Tag parcntnum, Tag childnum)
{
int i;
BLOBSTRU *parcnt, *child;
parcnt = FindBlobPointer(parcntnum);
child = FindBlobPointcr(childnumy);
if((parent==NULL) || (child==NULL))Fatal Error_Mcssagc("Either parent or
child not found.");
parcnt—>size += child—>sizc;
parent—>rsum += child—>rsum; 440
parcnt—>csum += child—>csum;
parcnt—>totalbright += child—>totalbright;
parcnt—>totalbrightsq += child—>totalbrightsq;
if(parcnt—>totalbrightsq > BIGINT){
parcnt—>numwraps++;
parcnt—>totalbrightsq = parcnt—>totalbrightsq — BIGINT;

}
parent—>numwraps += child —>numwraps;
parcnt—>active = —1;
KillBlob(child); 450

for(i=0;i<IMAGEWIDTH;i++) if(row[i)]==childnum)row{i|=parcntnum;
}

/ *Join a blob to the background blob, then kill the blob.*/
void DumpBlobIntoBackgroundThenKill(BLOBSTRU *blob)
{
BackGround.size += blob—>sizc;
BackGround.totalbright += blob—>totalbright;
BackGround.totalbrightsq += blob—>totalbrightsg;
if(BackGround.totalbrightsq > BIGINT){ 460
BackGround.numwraps++;
BackGround.totalbrightsq = BackGround.totalbrightsq — BIGINT;
}
BackGround.numwraps += blob—>numwraps;
KillBlob(blob);

}

/ *Every pizel that passes the threshold test is added to a blob.
The routine receives a pointer to the pizel (it will be changed), the
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pizel’s row, column (y, =) coordinates on the screen, its intensity 470
(gray) and the name (rather the number) of the blob, the pizel belongs
to.*/

void PutltInBlob(DPixcl *pixcl, int row, int column, DPixcl gray, Tag tag)

BLOBSTRU *blob;

/ *Find the pointer to the blob named tag*/

if((blob = F'mdBlobPointcr(ta.g))==NULL){ 4
Fatal Error_Message(" Invalid blob tag."):

/ *Increase the blob’s area, column sum, TOW sum, total 480
brightness and total brightness squarcd. Of these, really only the
area, column and row sum GT¢ critical. The other two provide an
average brightness and its standard deviation. These are not critical*/
blob->sizc++;
blob—>csum += column;
blob—>rsum += TOW;
blob—>totalbright += gray:
/* This is weird. On large blobs, the total brightness squarcd
often ezceeds what an int or long can handle. Sincc the
code was developed on @ computer without & floating point CPU it was too 490
slow to use floats (with ezponents, we do not need more than 10 digits
accuracy) so we use this strange code to gain extra long ints. *
blob—>totalbrightsq += (DoWa) ((DoWa.)gray* (DoWa) gray):
if(blob—>totalbrightsq > BIGINT){
blob—>numwraps+-+;
blob—>totalbrightsq = blob—>totalbrightsq — BIGINT;

}

/ *Blobs are active when they are growing. Since we just added a
pizel to this blob 1t is active®/ 500
blob—>active = —1; '

/ *We label this pizel as belonging to the blob named tag. Suppose

the line being processed 18 line 5. Once we are finished processing line
5, it will have a zcT0 wherever there was a pizel failing the threshold
test. For every pizel that did pass, there will be a tag indicating
which blob that pizel belonged to. As we process line 6, when a blob
passes the threshold test we compare it to the number in line 5. If the
pizel in line 5 1s tag, then the pizel in 6 13 @ member of blob tag.*/

*pixel = tag: 510

}

/*DumpSmallInactichntoBackgroundThenKill This walks the blob linkage and kills

all inactive blobs that are too small */
void DumpSmallIna.ctBa,ckKill(Bsizc smallsizc)

{

89
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BLOBSTRU *blob, *tcmp;
blob = FirstBlob;
while(blob!=NULL){
if(blob—>active)blob=blob—>ncxt; 520
else{
if(blob—>sizc>=smallsizc)blob=blob—>next;
else {
temp=blob;
blob=blob— >ncxt;
DumpBlobIntoBackgroundThenKill(temp);

}
}
}

} 530

/ *Join blobs that arc too small or too big to the background blob, then
kill the blob.*/
void DumpSmallBigInactBackKill(Bsizc smallsize, Bsize largesize)

{

BLOBSTRU *blob, *tcmp;

blob = FirstBlob;

while(blob!=NULL){

if(blob—>activc)blob=blob—>ncxt;

else{ 540
if((blob—>size <= largesize) && (blob—>size>=smallsizc) ) blob=blob—>next;
else {

temp=nblob;

blob=blob—>ncxt;
DumpBlobIntoBackgroundThenKill(temp);

}
}
}
}

[
(33
o

/ *MakeAllBlobsInActive This walks the blob linkage and makes all of
them inactive. this means they have finished growing®/
void MakcAllBlobsInActive()
{
BLOBSTRU *blob;
blob = FirstBlob;
while(blob!=NULL){
blob—>active=0;
blob=blob—>ncxt;
} 560

}

/*To Kill a blob means to remove it from the linked list and free its memory®/

-
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void KillBlob(BLOBSTRU *blob)
{
if(blob—>previous==NULL){
FirstBlob = blob—>next;
if(FirstBlob!l=NULL)FirstBlob—>previous=NULL;
}
else { 570
blob—>previous—>next = blob—>next;
if(blob—>ncxt!=NULL)blob—>necxt—>previous = blob—>previous;
}
FREE(blob);
}

91
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Chapter 4
dip.c, dip.h

Documentation Date: 6/27/94

4.1 Sequencing and Thresholds

The routines in this file perform image sequencing and determine thresholds.

New Data Types:
None.
Definitions:

¢ YAXISMIN - the minimum value for the y axis of histograms.

¢ YAXISMAX - the maximum value for the v axis of histograms.

o NOVALLEY - (-1) return value if the valley finding algorithm fails.
o NOPEAK - (-2) return value if the peak finding algorithm fails.

4.1.1 Header File Listing:

#ifndef DIP_H

#define DIP_H

| *We subtract and do a brightness histogram of images i+2 — i for
i from 0 to 3.

We process cvery resolution rows and columns of the image.

If ShowHist<>0 then we plot the histogram with a yazis from
YAXISMIN to YAXISMAX.

Whichever set has the largest positive histogram is the all on
minus all off frame.

To determine the threshold we find the left and right valleys of
the positive histogram then set the threshold to percentvalley between
them. EG. if percentvalley = 0 threshold = left edge, if 100 then its
the right edge.

Numinslope is the number of data points used in the best fit slope

93
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calculation.
Thresh is the threshold we compute.
It returns the image # of the first falling edge EG. suppose the
images are off on on off off on on. Then it returns 2.
¥/
int FindFirstFallingAndThresh( int resolution, int numinslope, 20
DPixcl *thresh, int ShowHist, int percentvalley);
int FindThreshold( int OnFrame, int DimFrame, int resolution, int numinslope,
DPixcl *thresh, int ShowHist, int percentvalley);
#define YAXISMIN 0
#define YAXISMAX 100
#define NOVALLEY -1
#define NOPEAK -2
#endif
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Figure 4.1: Eight Frames Grabbed by the System.

4.2 Function: FindFirstFallingAndThreSh

Documentation Date: 6/24/94

Prototypes:

int FindFirstFallingAndThresh(int resolution, int numinslope, DPixel
*thresh, int ShowHist, int percentvalley);

Source File: dip.c

Type of Function: User Callable

Header Files Used in dip.c: <float.h> <stdio.h> <string.h> "datatype.h”
"plot.h” "dip.h” "target.h”

Description:

This routine finds the first image with a falling edge of the LED, For example,
suppose image-LEDstate is: 0-LEDon, 1-LEDon, 2-LEDoff, 3-LEDofT, ... Then
this would return 1. It also determines a threshold for the blob analysis. The
threshold is returned through the parameters.

4.2.1 Theory

The program grabs eight frames. Two consecutive frames have the LED on.
The first of the two has the LED on brighter than the second (a hardware
problem). After two on frames, there are two consecutive off frames. The
second off however has the LED on dimly (hardware problems). Suppose
frames have been grabbed as figure 4.1 shows. The figure shows frames 3 and
4 as a consecutive set of On frames. Frame 0, is the first falling frame.

The algorithm computes a histogram for four images: Image 2 - Image
0, Image 3 - Image 1, Image 4 - Image 2, and Image 5 - Image 3. Two of
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Figure 4.2: Typical On-Off and Off-On Histograms.

these are off minus on frames and two are on minus off. Figure 4.2 shows
a typical histogram for an on-off and off-on image. When we compute these
histograms, we use a subset of the data. We process only every “resolution”
line and column (user selectable).

After the histograms are computed, we determine the right edge of the
center hump of the histogram. See figure 4.3. The parameter numinslope is
used in the algorithm for finding the edge. After finding the edge, we compute
the area under the histogram from the edge to intensity of 255. The two
images that correspond to LEDon minus LED off have a significantly larger
area. We select the second in sequence of these two! as the first falling. The
only detail is that the frames could be 0, 3 (see figure 4.1) where 0 is the
second in the sequence. The first in the sequence of two on minus off frames
is used to determine the threshold.

To determine the threshold, we compute the left edge of the target hump
(if it exists). See figure 4.4. If there is no left edge. or if it is lower than the
right edge, then threshold is equal to the right edge. Otherwise, threshold is
a percentage of the distance between the edges. Zero percent is the right edge
of the background, one hundred percent is the left edge of the target.

! The second in sequence does not necessarily have the smaller of the two areas because
area is very sensitive to the edge finder. The on minus off frames however have such a larger
positive area, they have always been correctly identified (as far as we know).
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Figure 4.4: The Right and Left Edges of the Background and Target.
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4.3 Function: SlopeOfN

Documentation Date: 6/27/94

Prototypes:

float Slope0OfN (int numinslope, Histogram hist, long xs, long x, long
xy, long y)

Source File: dip.c

Type of Function: Internal to the Library, Not User Callable

Header Files Used in dip.c: <float.h> <stdio.h> <string.h> "datatype.h”
"plot.h” "dip.h” "target.h”

Description:

This routine computes the best fit slope to N data.

4.3.1 Theory

Think of a histogram as an X,y plot where z is the intensity and y is the
number of pixels at that intensity. This routine fits a line to N consecutive

data points and returns the slope of the line.
The error between the best fit line and the data is:

E =) N+j(maz; +b—y,)’
i=j
To minimize E we determine the critical points of the error::

Zz\"+j2(m.a:,-+b—yi) =0

i=i
DN+ 2(mai+b—y)2i=0
=

These equations have the following solution for slope m:

N Ef\:;'j (ziyi) — 22\-;?. (z:) Zigj N + jyi

= = —— " — 4.1
NYizj N+ (3«,2) —Yiej N+j2i X N +jz; (1)

m

This routine implements equation 4.1
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4.4 Function: XOfValley

Documentation Date: 6/24/94

Prototypes:

int X0fValley(Histogram hist, int numinslope, int start, int end):

Source File: dip.c

Type of Function: Internal to the Library, Not User Callable

Header Files Used in dip.c: <float.h> <stdio.h> <string.h> "datatype.h”
"plot.h” "dip.h” ”target.h”

Description:

This routine computes the array offset (the x or intensity value if you think
of a plot) of the right edge of a hump. It searches the histogram between
start and end for the valley. It returns the valley offset value when there is
no error. It returns NOPEAK and NOVALLEY (defined in dip.h) if an error

does occur.

4.4.1 Theory

A valley is defined as the first location where the slope of a best fit line to
part of the data changes from negative to non-negative. The region for finding
the best fit slope is defined with “numinslope”. For example, if numinslope
is 3 then “best fit" slopes are computed using points 0,1,2 then 1,2,3 then
2,3,4 etc. until the slope is negative and becomes non-negative. Actually the
routine first seeks the peak value between start and end, then seeks a negative
slope, then seeks a non-negative slope. If the non-negative slope is found with
data 2,3,4 a 2 is returned. ‘

'
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4.5 Function: Miscellaneous Support Rou-
tines in Dip.c

Documentation Date: 3/10/95

Prototypes:

void showhistogram(Histogram bigy[4], int which, int maxy, char *message,
GraphData *graphdata, long xthresh)

void MakeXNHist(Histogram from, Histogram to)

long SumOfHist (Histogram hist, int starting)

void RunningSum (long oldest, long newest, long *sum)

void RunningSumsOverN (int numinslope, int startingx, Histogram
hist, long *xs, long *x, long *xy, long *y)

void FirstSumsOverN (int numinslope, int startingx, Histogram hist,
long *xs, long *x, long *xy, long *y)

int IndexOfLargest (Histogram hist, int start, int end);

int FindThreshold(int OnFrame, int DimFrame, int resolution, int
numinslope, DPixel *thresh, int ShowHist, int percentvalley);
Source File: dip.c
Type of Function: Internal to the Library, Not User Callable
Header Files Used in dip.c: <float.h> <stdio.h> <string.h> "datatype.h”
"plot.h” "dip.h” "target.h”

Description:

e showhistogram: displays a histogram on the computer monitor.

o MakeXNHist: reverses the order of the histogram. This is done to sim-
plify the process of finding the left edge of the target hump (see Find-
FirstFallingAndThresh). After reversing the histogram we can find the
right edge of the target hump instead of the left edge.

¢ SumOfHist: computes the area under the histogram from starting to
255.

¢ RunningSum: computes a running sum. It is used to determine the best
fit slope to the data. A running sum adds a new point and subtracts an
old point.

¢ RunningSumsOverN: computes the four sums needed to find best fit
slopes. x, x squared, xy, and y where x is the intensity, and v is the #
pixels with that intensity.

¢ FirstSumsOverN: this routine gets the four sums over N started.



4.5. FUNCTION: MISCELLANEOUS SUPPORT ROUTINES IN DIP.C 101

¢ IndexOfLargest: returns the index (histograms are stored as an array)
of the maximum y value. It begins the search from the end back toward

the start.

e FindThreshold: This routine is nearly identical to FindFirstFallingAnd Thresh
except it does not sequence the images.
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4.5.1 Program Listing:

#include < float.h>
#include <stdio.h>
#ifndef NcXT
#include <graph.h>
#endif
#include <string.h>
#include "datatype.h"
#include "plot.h"
#include "dip.h"
#include "target.h" 10

/*#****

Local functions
FrERERR]

long SumOfHist (Histogram hist, int starting);

void RunningSum ( long oldest, long ncwest, long *sum);

void RunningSumsOverN ( int numinslope, int startingx, Histogram hist, long
*xs, long *x, long *xy, long *y);

void FirstSumsOverN ( int numinslope, int startingx, Histogram hist, long

*xs, long *x, long *xy, long *y); 20
float SlopcOfN ( int numinslopc, Histogram hist, long xs, long x. long xy,
long y);

int IndexOfLargest (Histogram hist, int start, int cnd);

int IndexOfFirstOncBclow100(Histogram hist, int start, int cnd);

int XOfValley(Histogram hist, int numinslope, int starting, int cnd);

void MakcXNHist(Histogram from, Histogram to);

void showhistogram (Histogram bigy[4], int which. int maxy, char *message,
GraphData *graphdata, long xthresh);

Histogram hist[4]; ‘ 30
Histogram histtcmp:
long xaxisNUMBEROFPIXELBINS+5), ya.xis[NUMBEROFPIXELBINS+5];

/ *This routine will display a histogram on the computer monitor*/
void showhistogram(Histogram bigy[4]. int which, int maxy, char
*message, GraphData *graphdata, long xthresh)

int ik;
long temp;
k=0; 40
/ *Histograms are positive and negative display only the positive part*/
for(i=NUMBEROFPIXELBINS/2;i<NUMBEROFPIXELBINS;i++){

temp = bigy[which][i];

/ *If the data is too large set it equal to the maz?*/

if(temp < maxy)yaxis[k] = temp;

else yaxis[k] = maxy:;
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#ifdef CHECKLENGTH
if(k>=(NUMBEROF‘PIXELBINS+5))Fatal_Error_Mcssagc("Blew it in showhistogram");
F#endif

k++; 50

}
#ifndef NeXT

SctupGraph(graphdata);
Plot (xaxis,yaxis, NUMBEROFPIXELBINS / 2,LINES,PLOT_YELLOW);
if(xthresh > 0)PlotVerticalLine (xthresh, PLOT_DARK_RED);
gprintandwait(mecssagc);
QuitPlot();
#endif
}

/* This routine finds the first image with a falling edge of the LED,
For czample, suppose image— LEDstate is:
0—LEDon, 1-LEDon, 2—LEDoff, 3—-LEDoff, ...
Then this would return 1 */
int FindFirstFallingAnd Thresh( int resolution, int numinslope,
DPixcl *thresh, int ShowHist, int percentvalley)
{
char message[40];
GraphData graphdata;
int imagcframc; 70
int first, sccond, i;
long total[4], max, nextmax;
int valley[4];
int maxindex, nextindex:
int rcturnvalue, valleyvaluc;
int sccondstarting, sccondending, secondvalley;
int temp,tempp:
ROI roi;

60

/* A macro to say the entire image is of interest*/ 80

WHOLE_IMAGE(roi);

/* We will process every resolution line and column, This reduces the
amount of processing. We typically use resolution of 3or 4. As the
target gets further away, this value will have to decrease. */
roi.resolution = resolution;
max = —1;

/* If we want to display graphs, get them ready */
if(ShowHist){ 90
for(i=0;i<128;i++)xa.xis[i]=2*i;
#ifdef CHECKLENGTH .
if(i>(NUMBEROFPIXELBINS+5))Fata.l__Error_Mcssagc("Blew it in findfirstfallingandt
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#endif
graphdata.minx = 0;
graphdata.maxx = 255;
graphdata.miny = YAXISMIN ;
graphdata.maxy = ( long) YAXISMAX;
graphdata.majxtic = 8;
graphdata.majytic = S5; 100
graphdata.minxtic = 4;
graphdata.minytic = 5;
graphdata.DefaultFont AndColor = TRUE;
}

/* First we sequence the tmages. That is find out which are on frames an
which arc off. We do this by subtracting 90, 3—-1, 4-2, 5-3. Two of
these will be mostly negative results and two will be mostly positive.

¥/
for(imageframe = O;imageframe < 4;imageframe++){ " uo
SubAndHistogra.m(imagcfra.mc, imageframe+2, —~1, hist[imageframc], roi);
if(ShowHist){

sprintf(mcssa.gc,"Histogram of Image %d - Y%d HitKey“,imagcﬁ'a.mc+2,imagcfra.mc);
#ifdef CHECKLENGTH }
if(( int)strlcn(mcssagc)>=40)Fa.tal_Error_Mcssagc("Blew it in findfirstfallingandthresh");
#endif

showhistogram( hist,imageframe, 100,mcssagc,&graphda.ta, 0):

/ *Find the approzimate intensity of the right edge of the center hump*/

valley[imageframe) = XOfVa.llcy(hist[imagcframc], numinslope, 0, NUMBER@FPIXELBINS
-1); :

/ *Find the area under the histogram from the right edge to 255%/
if(valley[imageframe] < 0)total[imageframe] = 0;

else total[imageframe] = SumOfHist (hist[imageframc], valley[imageframc]):
} .

/*Two of the arcas will be significantly larger than the other two,
they represent properly sequenced images. Find the largest one. */

max = (;
maxindex = 0;
for(imageframe = 0;imageframe < 4;imageframe++){ 130

if(totallimageframe] > max){
max = totallimageframc];
maxindex = imageframe;

}

}
/* Now find the second largest */

nextmax = Q;
nextindex = 0;
for(ima.gcfra.mc:O;ima,gcframc < 4;imagcframc++){
if( (total(imageframe] > nextmax) && (imageframe 1= maxindex) ){ 140
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nextmax = total(imageframe);
nextindex = imageframe;

}

}

/* Due to a hardware LED problem, we want to base threshold on the
first of two conseccutive on frames, but we want to return the second on
frame as the first falling.  From above we have q very robust method of
finding the two LED on frames, now we must determine which one is the
good LED on frame and which one has "punched through”, A human could
look at the two histograms and recognize which one corresponds to the
good LED on frame, but our area algorithm is sensitive to the valley we
found.  Therefore, what we do is say we want the image that occurs first
in the sequence. It turns out that the two choices mazindez and
neztinder are always sequential or else they are 0 and 3. So first we
put them in numerical order. */

if(nextindex < maxindex) {

first = nextindex;

sccond = maxindcx;

}

else {

first = maxindex;

sccond = nextindex;

}

/* Now if the first happens to be 0 then the other is 3 so 3 is
actually the good LED on frame and 0 is the first falling*/
if( (first == 0) && (sccond == 3) N
rcturnvaluc = first;
valleyvaluc = sccond;
}
else {
returnvaluc = sccond;
valleyvaluc = first;

}

/* Now we look for the left edge of the histogram hump caused by
the target, if it exists. to do this we simply change the +— sign of
the intensity of the thresholding histogram (the valleyvalue
histogram) then use the same algorithm as finding the right edge of the
histogram’s center hump*/

MakcXNHist (hist [valleyvaluc] ,histtemp);

/ *Set the search area from 0 (beginning of the array) to the edge
of the hump already found, then find an edge called secondvalley*/

sccondstarting = 0;

sccondending = NUMBEROFPIXELBINS — valley[valleyvaluc);

160

170

180
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sccondvalley = XOfValley(histtemp, numinslope, sccondstarting, sccondending);

/ *If a second valley is not found, base threshold on the cdge of 190
the hump. If onc is found, and it is to the right of the first one, sct
threshold at a percentage between the two edges*/
if(sccondvalley < 0) *thresh = (valley[vallcyvaluc] — 128) * 2;
else {
sccondvalley = NUMBEROFPIXELBINS — sccondvallcy;
if(sccondvalley < valley[valleyvaluc] ) *thresh = (valley([valleyvaluc]

—128) * 2;

else *thresh = ((( 100—percentvalley) *valley[valleyvalue]+percentvalley*sccondvalley) /100
~ 128) * 2:

} 200
/¥

*thresh = (valleyfvalleyvalue] — 128) * 2;
¥/

temp = (valley[valleyvaluc] —128)*2;

tcmpp = (sccondvalley—128)*2:

/*

printf(”first second valley are %d and %d\n”,temp,tempp);

printandwait(”hit a key”);

*/

if(ShowHist){ 210
sprintf(mcssage,"The line is the threshold, HitKey");
showhistogram(hist,vallcyvaluc,100,message,&graphdata, long) *thresh);
}

return rcturnvaluc;

}

int FindThreshold( int OnFrame, int DimFrame, int resolution, int numinslope,
DPixcl *thresh, int ShowHist, int percentvalley)

{

char message[40]; 220

GraphData graphdata;

int i;

long total[4], max;

int valley[4];

int returnvaluc;

int sccondstarting, sccondending, sccondvalley;

int temp,tempp;

ROI roi;

WHOLE_IMAGE(roi); 230
roi.resolution = resolution;
max = —1;
if(ShowHist){
for (i=0;i<128;i++)xaxis[i]=2*i;
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#ifdef CHECKLENGTH
if(i>(N UMBEROFPIXELBINS+5))Fa.tal_Error_Mcssa.gc( "Blew it in findf irstfallingandthre
#endif

graphdata.minx = 0;

graphdata.maxx = 255;

graphdata.miny = YAXISMIN; 240

graphdata.maxy = ( long) YAXISMAX;

graphdata.majxtic = 8;

graphdata.majytic = 5;

graphdata.minxtic = 4;

graphdata.minytic = 5;

graphdata.DefaultFontAndColor = TRUE;

}

SubAndHistogram(OnFrame, DimFrame, —1, hist[0], roi);
// valley[0] = XOfValley(hist[0], numinslope, 0, NUMBEROFPIXELBINS ~1 )250
// Search starts at gray level 2 since accumulation zcros gray level 1
valley[0] = XOfValley(hist[0], numinslope, 2, NUMBEROFPIXELBINS ~1 );
if(valley[0] < 0)total|0] = 0;
else total(0] = SumOfHist (hist[0], valley[0]);
MakeXNHist (hist{0],histtemp);
sccondstarting = 0;
sccondending = NUMBEROFPIXELBINS — valley[0];
sccondvalley = XOfValley(histtemp, numinslope, sccondstarting, sccondending);

if(sccondvalley < 0){

if(DimFrame > —1) *thresh = (valley[0] — 128) * 2 260
else *thresh = valley[0];
}

else {

sccondvalley = NUMBEROFPIXELBINS — sccondvalley:;
if(sccondvalley < valley[0] ){
if(DimFrame > —1) *thresh = (valley[0] — 128) * 2.
else *thresh = valley[0];

}
else{
if(DimFrame > —1) *thresh = ((( 100—pcrccntvallcy)*va,llcy[O]+pcrccntv&Hn:y*sccondva.llcy) /1
— 128) * 2;
else *thresh = (( 100—pcrccntvallcy)*vallcy[O]+pcrccntvallcy*sccondva,llcy) /100;
}
if(ShowHist){

temp = valley[0];

if(DimFrame > —1) temp = (temp—128)*2;

tempp = sccondvallcey;

if(DimFrame > —1) tempp = (tempp—128)*2;

sprintf(mcssage,"The line is the threshold, HitKey"); : 280
showhistogra.m(hist,O,100,mcssagc,&gra.phda.ta.( long) *thresh);
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}

return rcturnvaluc;

}

/ *This routine reverses the order of the histogram. This is done to
simplify the process of finding the left edge of the target hump. After
reversing the histogram we can find the right edge of the target hump
instead of the left edge.*/ .
void MakcXNHist(Histogram from, Histogram to) 200
{
int i;
for(i=0;i<NUMBEROFPIXELBINS;i++){
to[i] = from[NUMBEROFPIXELBINS—1-i);

}
}

/ *This routine computes the area under the histogram from starting to
255%/
long SumOfHist (Histogram hist, int starting) 300
{
long sum;
int i;
sum = (;
for(i=starting;i< NUMBEROFPIXELBINS;i++){
sum = sum + hist[i];
}

return sum;

}

/ *This routine computes a running sum. It is used to determine the best
fit slope to the data.?*/

void RunningSum ( long oldest, long ncwest, long *sum)

{

*sum = *sum — oldcst;

*sum = *sum + ncweost;

}

/*To compute the best fit slope we need four sums. =, z squared, zy, and
y where z is the intensity, and y is the # pizels with that intensity*/ 320
void RunningSumsOverN ( int numinslope, int startingx, Histogram hist, long *xs.
long *x, long *xy, long *y)

{

/ *Sum of histstartingz] + hist{startingz + 1] + ... + hist[startingz + numinslope
—1] ¥

/¥ startingz > 0 and startingt < NUMBEROFPIXELBINS — numinslope */

long oxs, ox, oxy, oy; :

long nxs, nx, nxy, ny;

310
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ox = startingx — 1;

oy = hist[ox]; 330
nx = ox + numinslopc;

ny = hist[nx];

oxs = ox * ox;

nxs = nx * nx;

oxy = ox ¥ oy;

nxy = nx * ny;

RunningSum/(ox,nx,x);

RunningSum(oxs,nxs,xs);

RunningSum(oxy,nxy,xy);

RunningSum/(oy,ny,y); 340

}

/ *Once we are rolling we use RunningSumsOverN. It subract one number

and adds one. To get started however we have to usc this routine */

void FirstSumsOverN ( int numinslope, int startingx, Histogram hist, long *xs,
long *x, long *xy, long *y)

{

int i;
*¥x = *xs = *y = *xy = (;
for(i=startingx;i<startingx + numinslope;i++){ 350

*x = (*x) + i;

*xs = (*xs) + 1 *i;

*y = (*y) + hist][i];

*xy = (*xy) + histli] * i;

}

/ *This routine computes the best fit slope to N data*/
float SlopcOfN ( int numinslope, Histogram hist, long xs, long x, long xy, long

y) 360
{

long slopc, denom;
denom = xs * numinslope — x * x:
slopc = xy * numinslopc — x * y;
if(denom == 0){
if(slopc < 0) return (- FLT_MAX):
return FLT MAX:
}
return ( ( ( float) slopc) / ( ( float) denom ) ):
} 370

/ *This routine returns the indez (histograms are stored as an array) of
the mazimum y value. It begins the search from the ecnd back toward the
start*/

int IndexOfLargest (Histogram hist, int start, int end)



110 CHAPTER 4. DIP.C, DIP.H

{
int i, bigindex;
long max;
bigindex = NUMBEROFPIXELBINS-1;
max = hist NUMBEROFPIXELBINS-1]; 380
bigindex = end;
max = hist[bigindex];

for(i=(cnd—~1);i>(start—1);i——){
if(hist[i] > max){
bigindex = i;
max = hist[i];
}
}

return bigindex; 390

}

int IndexOfFirstOncBcelow100(Histogram hist, int start, int cnd)
{
int i, bigindex;
bigindex = start;
for(i=start:i<end;i++){
if(hist[i] > 100) bigindex = i;

return bigindex; 400

}

/ *This routine computes the intensity (the z value if you think of
a plot) where a hump ends. It scarches the histogram between start and
end fof the valley location. It returns the z value when there is no
error. It returns NOPEAK (—2) if it can not find a hump to start with.
It returns NOVALLEY (—1) if it cannot find a valley after finding the
hump. Note that start and end are array values not the actual
intensity. */
int XOfVallcy(Histogram hist, int numinslope, int start, int cnd) 410
{
int pcak, valley;
long xs, x, xy. y;
float slopc;
/ *Find the largest value between start and end*/
pcak = IndexOfLargest(hist, start, end);

/*We fit numinslope data points to a line. Once we get rolling it

works different than the initial calculation.*/
FirstSumsOverN (numinslope, peak, hist, &xs, &x. &xy, &y); 420
slopc = SlopcOfN (numinslope, hist, xs, x, xy, y); :
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/ *Now we’re cookin! Move right until we hit the end of the histogram.
Each time drop the left most data from our calculation and include a new
one on the right. Compute the best fit slope over numinslope data
points. Look for a negative slope to indicate finding the douwnward
surface of the peak. I am not sure why this is needed actually. */

while( (slope >= 0) && (pcak < end+1—numinslope) ){

peak++;

RunningSumsOverN (numinslope, peak, hist, &xs, &x, &xy, &y): 430
slopc = SlopcOfN (numinslope, hist, xs, x, xy, y):

}

if(slopc >= 0) return NOPEAK;

/ *Ok so we have the true peak so continue finding slopes looking for
it to become positive. */

for(vallcy= pcak+1;vallcy<cnd+1—numinslopc;valley++ H
RunningSumsOverN (numinslope, vallcy, hist, &xs, &x, &xy, &y);
slopc = SlopcOfN (numinslope, hist, xs, x, xy, y):
if(slopc >= 0) return valley; 440
}

return NOVALLEY;

}
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Chapter 5

geometry.c, geometry.h

Documentation Date: 3/12/95

9.1 Sort out the blob information.

The one user callable routine in this file computes which blob belongs to the
top, bottom, etc.
New Data Types:

Definitions:

¢ NOTENOUGHBLOBS = -1 (global) Error return.
¢ NOTARGETFOUND = -2 (global) Error return.

5.1.1 Header File Listing:

#ifndef GEOMETRY_H
#define GEOMETRY_H
/* This routine takes image blobs and fits them to a pattern.
To reduce needless searching if a blob is not within tolerance *blob_radius
of where it needs to be then we skip it.
It returns Allstats loaded, a zero return is success, other errors are
defined */
int TargetCosys(Image *image, AllStats *allstats, double tolcrance, int N umOfLedsToFind):
#define NOTENOUGHBLOBS -1
#define NOTARGETFOUND -2 10
#endif

113
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Figure 5.1: A Sample of the Target Showing the Definition of Height, Width,
Top and Left.

5.2 Function: TargetCosys

Documentation Date: 3/12/95

Prototypes:

int TargetCosys(Image *image, AllStats *allstats, double tolerance,
int NumOfLedsToFind);

Source File: geometry.c

Type of Function: Routine TargetCosys is user callable all others are inter-
nal.

Header Files Used in geometry.c:  <math.h> <stddef.h> <stdlib.h>
“datatype.h” "geometry.h” "memory.h”

Description:

There are several routines in this file. The only user callable one is Target-
Cosys.

TargetCosys sorts the blobs in the image and determines which are top,
bottom, etc. It is basically a tree search, tolerance is used to prune limbs
from the tree. It returns either SUCCESS, N OTARGETFOUND, or NOTE-
NOUGHBLOBS. The algorithm allows one retro to be missing provided the
expected location of the blob on the mirror is also missing,

Figure 5.1 shows what a target is suppose to look like. Figure 5.2 shows
the definition of the mirror and screen coordinate systems. Figure 5.3 shows
the definition of error and the expected locations.

It tries all combinations of retros until it finds the one that produces the
least error in what the target should look like. The target is expected to have
five retros on the left right, top and bottom center edges. The fifth retro is in
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Screen
Coordinates

Figure 5.2: Coordinate Systems.
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Figure 5.3: Definition of Expected Locations and Errors.
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the upper left hand corner. Any image with less than 4 blobs is not a target
because there are five retros and only one can be missing.

The routine requires the blobs to be sorted from largest to smallest. If they
are not, it fails.

The routine picks two blobs at random and calls them the left and right.
It then converts blob coordinates into mirror coordinates. Mirror center is the
average of the left and right. +x points from left to right.

Now it searches for a top or bottom blob. Top must have a small x mirror
coordinate. After finding top and bottom blobs jt swaps left /right top/bottom
if necessary to make the left /right larger than top/bottom.

The LED blobs are those that lie on the mirror. Basically the routine
searches through the blobs until it finds one that has not been assigned to
something else (like the corner or top retro blob). For each unassigned blob,
it checks to see if it lies on the mirror.

5.2.1 Program Listing:

#include <math.h>
#include <stddef.h>
#include <stdlib.h>
#include "datatype.h"
#include "geometry.h"
#include "memory.h"

/¥ This routine takes image blobs and fits them to a pattern.

To reduce necedless searching if a blob is not within tolerance *blob_radius 10
of where it needs to be then we skip 1t.

It returns Allstats loaded, a zero return is success, other errors are

defined */

void ConvertCoordinates( double bx, double by, double ox, double oy, double vx,
double vy, double px, double py, double *nx, double *ny);

double mag( double x, double y);

int PickTwoAtRandom( int *left, int *right, int max);

void ComputcError( int left, int right, int top, int bottom, int corner, int
led[MAX_LEDS] ); 20

int CouldThisBcMissing( double x, double y, double xx, double xy, double yx,
double yy, double ox, double oy);

int FindLed( int loft, int right, int top, int bottom, int corner, int numofblobs);
int Blob2IsBiggerThan(Image *image, int one, int two);

void FindSomcLeds( int left, int right, int top, int bottom, int corncr, int
numofblobs, int numtofind, -int lcdsfound[MA_X_LEDS]);

int NextBlobOnMirror( int start, int lcft, int right, int top, int bottom, int
corner, int numofblobs); :

int BlobIsOnMirror( int blobnumbecr);
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30
static int lastleft, lastright;
double besterror;
int bestleft, bestright, besttop, bestbottom, bestcorner, bestled] MAX_LEDS],
bestfound;
double *mirrorx, *mirrory;/ *Blob z and y coordinates relative to the mirror*/
double *centx, *centy;/ *Temporary Blob z and y coordinates*/
double *radiusXtolerance;/ *Blob radii times the tolerance*/
double *sizes, *radius;

double lcftmostx, rightmostx, topmosty, bottommosty:
40

int TargctCosys(Image *image, AllStats *allstats, double tolcrance, int NumOfLedsToFind)

{

double leftx, rightx, lefty, righty;

double originx, originy, dist;

double xx, xy;/ *The z azis of the mirror, from left to right*/

double yx, yy;/ *The y azis of the mirror, 90 degrees CCW from z azis*/
double nx, ny;

double toperror, bottomerror, possiblecornerx, possiblecornery;

int left, right, top, bottom, led[MAX_LEDS], cdge. nextedge, corner, i, j; 50
int numofblobs;
int needtoswitch;

allstats—>id.NormalNumOfLeds = NumOfLedsToFind;
lastleft = 0; / *Used in the permutations. */
lastright = 0;
numofblobs = image—>num_of blobs_found;

/ *Make sure the blobs are sorted from largest to smallest. This is needed for
the find leds. */ 60
for(i=0;i<numofblobs;i++) ‘
for(j=i+1;j<numofblobs;j++) if(Blob2IsBiggerThanl(image.i.j))Fatal Error_Message("'Sort
blobs large to small before geometry.");

besterror = 10000.; bestleft = bestright = besttop = bestbottom = bestcorner
= bestfound = 0;

centx = ( double *) MALLOC(numofblobs * sizeof( double));
centy = ( double *) MALLOC(numofblobs * sizeof( double)):
mirrorx = ( double *) MALLOC (numofblobs * sizeof( double)); 70
mirrory = ( double *) MALLOC(numofblobs * sizeof( double));
sizes = ( double *) MALLOC(numofblobs * sizeof( double));
radius = ( double *) MALLOC(numofblobs * sizeof( double));-
radiusXtolerance = ( double *) MALLOC(numofblobs * sizeof( double)):
if( 4
(centx == NULL) ||
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(centy == NULL) ||

(radiusXtolerance == NULL) [l

(sizes == NULL) ||

(radius == NULL) || 80
(mirrory == NULL) ||

(mirrorx == NULL) )

Fatal Error_Mcssage("Not enough memory in geometry.c");

for(i=0;i<numofblobs;i++){
radiusXtolcrance(i] = tolcrance * image—>blobs]i].radius;
sizes[i] = image— >blobs]i].sizc;
radius(i] = image—>blobs[i].radius;
centyli] = image—>blobsli].centy / 1.266;
centx[i] = image—>blobs[i].centx; 90

}

while(PickTwoAtRandom (&left, &right, numofblobs—1)){
leftx = centx[lcft);
lefty = centy/(left];
rightx = centx[right];
righty = centy[right];
xx = rightx — leftx;
Xy = righty — lefty:
dist = mag(xx,xy); 100
originx = (leftx + rightx)/2.;
originy = (lefty + righty) /2.

/ *Convert all blob coordinates into mirror coordinates. ¥/

if(dist>0){
xx = xx / dist; Xy = xy / dist;
yX = —xy; Yy = xx;

/ *The left and right are special, */
mirrorx(left] = —dist/2.; mirrory|left] = 0.;
mirrorx(right] = dist/2.; mirrory[right] = 0.; 110
/ *For all others. */
for(i=0;i<numofblobs;i++){
if ( (i = right) && (i 1= loft) ){
ConvertCoordinates(centx|i], centyl[i), originx. originy, xx, xy, ¥X, YY.
&nx, &ny);
mirrorx[i] = nx; mirrory[i] = ny;
}
}/ *All blobs converted*/
leftmostx = mirrorx(left] — image—>blobs(lcft].radius;
rightmostx = mirrorx|right] + image~ >blobs][right).radius: 120

/ *For all blobs that are not the left and right.*/ :
for(cdgc=0;cdgc<numofblobs;cdgc++){ if( (cdge = loft) && (cdge != right)
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H

/ *If this blob can be a top or a bottom.*/
toperror = fabs(mirrorx[cdgce]);
if( toperror < radiusXtolerance[edge] }
/ *Found an edge*/
if( mirrorx[right] < fabs(mirrory[cdge]) )ncedtoswitch = 1;
else nccdtoswitch = 0; 130
/ *From nezt blob to the end.*/
for(ncxtedge=cdge+1; ncxtcdgc<numofblobs nextedge++){ if( (nextedge != left)
&& (nextedge != right) ){
/ *If this blob is an opposite edge.*/
bottomerror = mag( mirrorx[nextedge], mirrory[nextedge] + mirrory|edge]

if( bottomerror < radiusXtolerance[nextedge] ){
/ *Make sure top has > 0 yvalue*/
if(mirrory[cdge] > 0.){
top = cdge; ' 140
bottom = ncxtedge;
}
else{
top = ncxtedge;
bottom = edge;
} ,
topmosty = mirrory[top] + image—>blobs[top].radius;
bottommosty = mirrory[bottom] — image—>blobs|bottom].radius;
/¥ Found a second edge so corner could be missing. sort out right left top
bottom compute error.*/ 150
if(ncedtoswitch){
/ ¥*What I think is left and right is actually top and bottom*/
/ ¥corner can be left/ down or right/up*/
/ ¥try the later*®/
possiblccornerx = mirrorx|right];
possiblecornery = mirrory|top];
if(Could ThisBeMissing(possiblecornerx.possiblecornery,xx,xy.yx.yy.originx,originy) ) {
FindSomcLcds(left, right, top, bottom, —1, numofblobs, NumOfLedsToFind,

led);

ComputcError(top,bottom,right.left,—1.led); 180

else { /*If right/up is not missing, is left/down?*/

possiblecornerx = mirrorx(left];

possiblecornery = mirrory[bottom]:

if(CouldThisBcMissing(possiblecornerx. possiblecornery, o, xy,yx.yy.originx,originy ) }{

FindSomcLcds(left, right, top, bottom, —1, numofblobs, NumOfLcdsToFind,
led);

ComputcError(bottom.top,left,right,—1.led);

} .
} 170
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}/ *End need to switch*/
else {/*Don’t need to switch*/

/ *What I think is left and right is ¥

/ *corner can be left/up or right/ doun*/

/ *try the former¥/

possiblecornerx = mirrorx(left];

possiblecornery = mirrory[top];

if(CouldThisBcMissing(possiblccorncrx,possiblccomcry,xx,xy,yx,yy,origmx,originy)){
FindSomcLeds(left, right, top, bottom, —1, numofblobs, NumOfLecdsToFind,
led); 180

ComputcError(lcft,right,top,bottom,—l,lcd);

else { /*since left/up not missing is right/down */

possiblecornerx = mirrorx[right];

possiblecornery = mirrory([bottom];
if(CouldThisBcMissing(possiblccomcrx,possiblccomcry,Joc,xy,yx,yy,originx,originy)){
FindSomcLeds(left, right, top, bottom, —1, numofblobs, NumOfLedsToFind,

led);

ComputcError(right,lcft,bottom,top,—1,lcd);

} 180

}

}/ *End no need to switch*/
/ *we have a left right and two cdges we have tested the possibity
that corner is missing now see if it is there ¥
/ *For all blobs not left, right top or bottom ¥
for(corncr=0;comcr<numofblobs;comcr++){ if( (corner != left) && (corner 1=
right) && (corner != cdge) && (corner != nextedge) ){
if( fabs(mirrorx|corner] — mirrorx(left]) < radiusXtolcrance[corner] }{
/ *Corner is on left*/
if( fabs(mirrory[corner] — mirrory(top]) < radiusXtolcrance[corncepo
i
/ *corner is on left and top Should it be? only if not switched*/
if(!ncedtoswitch){
FindSomcLeds(left, right, top, bottom,corner, numofblobs, NumOfLcdsToFind.
led);
ComputcError(Icft,right,top,bottom,comcr,lcd);
}
}/ *end of corner on left top*/
else if( fabs(mirrory[corner] — mirrory[bottom]) < radiusXtolcrance[corner]
H 210
/ ¥eorner is on left bottom should it be? only if switched*/
if(ncedtoswitch){
FindSomcLeds(left, right, top, bottom,corner, numofblobs, NumOfLcdsToFind,
led);
ComputcError(bottom,top,lcft,right,comcr,lcd);

}

} *end of corner on left bottom*/
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}/ *end of corner on left*/
else if( fabs(mirrorx[corner] — mirrorx(right]) < radiusXtolcrance[corner]
H 220
/ *Corner is on right*/
if( fabs(mirrory[corner] — mirrory{top]) < radiusXtolerance[corner]

)2
/ *corner is on right and top, should it be? only if switched?/
if(ncedtoswitch) { .
FindSomcLcds(left, right, top, bottom,corner, numofblobs, NumOfLedsToFind,
led);

ComputcError(top,bottom,right,lcft,comcr,ld‘); "B"A I "B"A
int numofblobs, int numtofind, int lcdsfound[MAX_LEDS]);
int NextBlobOnMirror( int start, int lcft, int right, int top, int bottom, imt
corner, int numofblobs);
int BlobIsOnMirror( int blobnumber);

static int lastleft, lastright;

double besterror;

int bestleft, bestright, besttop, bestbottom, bestcorner, bcstlcd[MAX_LEDS],
bestfound;

double *mirrorx, *mirrory;/ *Blob z and y coordinates relative to the mirror*/
double *centx, *centy;/ *Temporary Blob z and Yy coordinates?/

double *radiusXtolcrance:/ *Blob radii times the tolerance*/ 240
double *sizcs, *radius:

double lcftmostx, rightmostx, topmosty, bottommosty:

int TargctCosys(Image *image, AllStats *allstats, double tolerance, int NumOfLedsToFind)

double lcftx, rightx, lefty, righty;
double originx, originy, dist;
double xx, xy;/ *The z azis of the mirror, from left to right*/
double yx, yy;/ *The y azis of the mirror, 90 degrees CCW from z azis?/
double nx, ny; 250
double topcrror, bottomerror, possiblecornertop].radius:
bottommosty = —topmosty;
}
else {
top = —1;
bottom = cdge;
bottommosty = mirrory[bottom] — image—>blobs|bottom].radius:
topmosty = — bottommosty;
}
for(comcr=0;comcr<numofblobs;comcr++){ if( (corner != left) &4& (esencr
!= right) && (corner != cdge) H
/ *Does it have the correct y coordinate*/
if( fabs( fabs(mirrory[corner]) — fabs(mirrory[cdgc]) ) < radiusXtolerance[corner]

A
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led);
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H

led);
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/ *yes it has correct y value does it have a correct z¢¥
if{ fabs(mirrorx[corner] — mirrorx(left]) < radiusXtolcrance[corner] ){

/ *corner is over/under left*/

if( (mirrory[corner] > 0.) && Incedtoswitch){

/ *eorner is left up with no switch needed *

FindSomcLeds(left, right, top, bottom,corner, numofblobs, NumOf#tseedsToFind,

ComputcError(lcft,right,top,bottom,corn_cr,lcd);

}

else if( (mirrory[corner] < 0.) && ncedtoswitch){

[ ¥corner is left down with switch needed*/

FindSomcLeds(left, right, top, bottom,corner, numofblobs, NumOfLcdsToFind,

ComputcError(bottom,top,lcft,right,corncr,lcd);

}

}/ *end of corner at left*/ 280

else if( fabs(mirrorx[corner] — mirrorx[right]) < radiusXtolcrance[corner]

/ *corner is over/under right*/
if( (mirrory[corner] > 0.) && ncedtoswitch){
/ ¥eorner is right and up with switch needed*/
FindSomcLeds(lcft, right, top, bottom,corner, numofblobs, NumOfLedsToFind,

ComputcError(top,bottom,right,lcft,comcr,lcd);

}

else if( (mirrory[corner] < 0.) && Incedtoswitch){ 290

/ *corner is right down with no switch nceded*/

FindSomcLeds(left, right, top, bottom,corner, numofblobs, NumOfLedsToFind,

ComputcError(right,lcft,bottom,top,comcr.lcd);

}

}/ *end of corner at right*/

}/ *end of correct y*/
}}/ *finished searching over all possible corners*/
} *End of opposite edge could be missing*/
}/ *End of processing one cdge find*/ 300
}}/ *End search of all blobs that are not left and right*/

}/ *end if distance between left and right is non zero */

}/ *end of picking two at random*/

FREE(mirrorx);

FREE(mirrory);

FREE(sizcs);

FREE(radius);

FREE(radiusXtolcrance);

if(bestfound) {
allstats—>id.left = bestleft: © 310
allstats—>id.right= bestright;
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allstats—>id.top= besttop;
allstats—>id.bottom= bestbottom;
allstats—>id.corner= bestcorner;
for(i=0;i<MAX_LEDS;i++){
allstats—>id.led[i]= bestled[i];

return 0;

} |
else{ 320

allstats—>id.left = —1;
allstats—>id.right= —1;
allstats—>id.top= —1;
allstats—>id.bottom= —1;
allstats—>id.corner= —1;

for(i=0;i<MAX_LEDS;i++){

allstats—>id.led[i]= —1;

return 1;
} 330

}/ *end of program¥/

int CouldThisBcMissing( double x, double y, double xx, double xy, double yx,
double yy, double ox, double oy)

{

int sx, sy;

sx = (int) (x*xx + y*yx + ox);

sy = (int) (x*xy + y*yy + oy);

if( (sx < 0) || (sx > IMAGEWIDTH) ) return 1 .

if( (sy < 0) || (sy > IMAGEHEIGHT) ) return 1; 340
return O;

}

void ComputcError( int loft, int right, int top, int bottom, int corner, int
led[MAX_LEDS] )

int i
double thiscrror;
thiserror =mag(mirrorx[corner] — mirrorx[left], nirrory[corner|—mirrory[top])
+ 350
fabs(mirrorx[top]) +
mag(mirrorx[bottom], mirrory[bottom] + mirrory|[top]) +
fabs(mirrory/left]) +
mag(mirrorx[right] + mirrorx(left], mirrory(right]);
if(thiserror < besterror){
besterror = thiserror;
bestleft = left;
bestright = right;
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besttop = top;
bestbottom = bottom; 360
bestcorner = corner;
bestfound = 1;
for(i=0;i<MAX_LEDS;i++) bestled[i] = led[i];
}
}

void FindSomcLcds( int left, int right, int top, int bottom, int corncr, int
numofblobs, int numtofind, int ledsfound[MAX_LEDS])
{
int i; 370
int lastoncfound;
lastoncfound = —1;
for(i=0;i<MAX_LEDS;i++)lcdsfound[i]=—1;
for(i=0;i<numtofind;i++){
ledsfound[i] = NextBlobOnMirror(lastoncfound+1, left, right, top, bottom,
corner, numofblobs);
if(ledsfound[i]==-1) return;
else lastoncfound = ledsfound][i);

}

} 380

int NextBlobOnMirror( int start, int left, int right, int top, int bottom, int
corner, int numofblobs)
{
int i;
for(i=start;i<numofblobs;i++) if( (i != loft) && (i 1= right) && (i != top)
&& (i != bottom) && (i != corncr) ){
if(BlobIsOnMirror(i)) return i:

}
return —1; ' 390
}
int BlobIsOnMirror( int i)
{

if( (mirrorx[i] > leftmostx) && (mirrorx[i] < rightmostx) && (mirrory[i] <
topmosty) && (mirrory[i] > bottommosty) ) return 1;
return 0;

}

/ *bz,by are coordinates relative to b, oz,0y arc origin relative to b, 400

vz, vy is unit vector along new z relative to b, pz,py is unit vector along

new y relative to b, nz,ny are new coordinates relative to new z and new y*/

void ConvertCoordinates( double bx, double by, double ox, double oy, double vx,
double vy, double px, double py, double *nx, double *ny)

{
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double o2bx, o2by;

02bx = bx — ox;

02by = by — oy;

*nx = 02bx * vx + o2by * vy;
*ny = 02bx * px + o2by * PY;

}

410

/ *Return 0 if there are no more permutations. 1 otherwise*/
int PickTwoAtRandom( int *left, int *right, int max)

{

if(lastright < max){
lastright++;
*right = lastright;
*left = lastleft;
return 1;
}

else if(lastleft < max){
lastleft+-+;
lastright = lastleft;
lastright++;
*right = lastright;
*left = lastloft:
if(lastright > max) return 0:
else return 1;

}

else return 0;

}

double mag( double x, double y)
{

return sqrt(x*x + y*y);

420

int Blob2IsBiggerThanl (Image *image, int one, int two)

{

if (image—>blobs|two).size > image~—>blobs|onc]

return 0;

}

size ) return —1;
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Chapter 6

target.c, target.h

Documentation Date: 3/10/95

6.1 Perform Target Calculations.

The routines in this file compute things related to a target.
New Data Types:

None.

Definitions:

1. LINEHALFLENGTH = 10, Lines drawn on the screen are double this
value in pixels long.

6.1.1 Header File Listing:

/********************#*******#***********#*

¥ target. H *
*****#*******#*******#*#*#***#*#******#**f/
#ifndef TARGET H
#define TARGET_H
/ *defines the target data structure*/
void LoadTa.rgctF‘romStats(Imagc *image, Target *targct, AllStats *allstats);
/ *Marks the target on page */
/¥ In addition to marking the blobs (blob marks are sot by radius)
it marks center of screen. Sereen middle is given by 10
middler and middley. Center Mark lengths are 2*LINEHALFLENGTH ¥/
#define LINEHALFLENGTH 10
void Mark_Targct (Target *target, int Page, int middlex, int middley);
void MarkAllBlobs(Image image, int page);
/ *returns last threc numbers given first*/
void FindHamcsForDoublcSubtra,ct( int FirstFallingEdge, int *FirstBright,
int *Dim, int *SccondBright);
/ *finds an open frame one that isn’t first bright, dim or sccond bright*/
int FindStorageImage( int FirstFallingEdge);

127
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/ *Docs the blob analysis and loads the image data structure*/ 20
int Definclmage( int FirstOn, int Of, int SccondOn, int storcpage, Image
*thcimage, long LargestToFind, long SmallestToFind, int thresh);
/ *Subtract FirstOn minus Dim Plus SecondOn
(if SecondOn< 0 use single subtract)
(tf Dim<0 don’t subtract)
using our double subtract algorithm,
return the histogram in hist, only consider the ROI area of the image*/
void SubAndHistogram( int FirstOn, int Dim, int SccondOn, Histogram hist,
ROI roi);
[/ ¥Subtract FirstOn minus Dim Plus SecondOn 30
(if SecondOn< 0 use single subtract)
(1f Dim<0 don’t subtract)
using our double subtract algorithm,
return the Fullhistogram in hist, only consider the ROI arca of the image.
The difference is
this and regular histogram is the bins range from —PIXEL MAX to +PIXEL MAX
*
/
void FullSubAndHistogram( int FirstOn, int Dim, int SecondOn, FullHistogram
hist, ROI roi); :
/*The following computes statistics of a selected arca*/ 40
void ComputcStatistics( int FirstOn, int Dim, int SccondOn, ROI rot,
DPixcl *Brightest, DPixcl *Dimmecst, DPixcl *Avcrage, DPixcel *StdDecv,
long *NumbcrOfPixcls);
/ *The following routines are not currently used*/
/ *The following is uscful if no subtraction is neceded*/
void DoHistogram( int Frame, Histogram hist, ROI roi);
/* .
This will subtract buffer] — buffer? put the result in Output
Output = (Buffer! — Bufferg)/ DivideBy + OffsctToAdd
¥/ 50
void Subtract_Images ( int FirstOn, int Off, int SccondOn, int Store, int
DivideBy, int OffsctToAdd, ROI roi);
double PositionDifference(OnceBlob *onc, OncBlob *two);

/ *Puts an O around the blob the size of O depends on the radius */
void MarkOncRetro(OncBlob *blob, int page);
#endif
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6.2 Function: Global Target Routines

Documentation Date: 3 /10/95

Prototypes:

void LoadTargetFromStats(Image *image, Target *target, AllStats *allstats);
void Mark_Target (Target *target, int page, int middlex, int middley);
void FindFramesForDoubleSubtract(int FirstFallingEdge, int *FirstBright,
int *Dim, int *SecondBright) ;
int FindStorageImage(int FirstFallingFdge);
int DefineImage(int FirstOn, int 0ff, int SecondOn, int storepage,
Image *theimage, long LargestToFind, long SmallestToFind, int thresh);
void SubAndHistogram(int FirstOn, int Dim, int SecondOn, Histogram
hist, ROI roi);
void FullSubAndHistogram(int FirstOn, int Dim, int SecondOn, FullHistogram
hist, ROI roi);
void MarkOneRetro(OneBlob *blob, int page);
void ComputeStatistics(int FirstOn, int Dim, int SecondOn, ROI
roi, DPixel *Brightest, DPixel *Dimmest, DPixel *Average, DPixel *StdDev,
long *NumberOfPixels):
void MarkAl1Blobs(Image image, int page);
double PositionDifference(OneBlob *one, OneBlob *two);
void DoHistogram(int Frame, Histogram hist, ROI roi);
void Subtract_Images (int FirstOn, int 0ff, int SecondOn, int Store,
int DivideBy, int OffsetToAdd, ROI roi);
Source File: target.c
Type of Function: User Callable
Header Files Used in target.c: <math.h> <stdio h> "datatype.h” tar-
get.h” "targa8.h” "misc.h” "blob.h”

Description:
There are several routines in this file. The user callable ones are:

1. FindStoragelmage - The storage image is the targa page that can be used
to hold an image so the user can see the processing as it occurs. Due to
hardware problems, the leds blink On, On, Off, Of etc. (see Figure 6.1).
The second On is used in Leo’s double subtract but the second Off is
never used so it is the Storage Image. Since firstfallingedge is the image
number of the second On, the second off is two more than that.

2. FindFramesForDoubleSubtract - The standard double subtract uses the
first on, first off, and the next first on.

3. Definelmage - Calls the blob analysis routine and loads the imﬁge data
structure.
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Figure 6.1: Blink Pattern of LEDs, Second Of is Never Used.

4. SubAndHistogram - This routine subtracts images and performs a his-

(%1

togram. It is capable of double subtract (if SecondOn > -1) but not
showing the results. ROI defines the region of interest, only rows and
columns in the ROI are processed. The histogram is stored as an ar-
ray. The double subtract histogram probably does not work, it has
never been used. For double subtract the histogram computes (Firston
+ Secondon - 2 Dim) which can be -510 to +510. We want this to
be an array index so it should be converted to a range between 0 and
NUMBEROFPIXELBINS-1 (presently 256-1 = 255). If a value outside
the range is stored a pointer conflict can result.

For Single subtract compute (Firston - Dim) which can be from -255
to +255. We store this as an array index between 0 and 255 by di-
viding by 2 (makes the range -127 to +127) and adding 128 (range is
1 to 255). This dividing and adding business should be generalized so
NUMBEROFPIXELBINS can be changed at will,

FullSubAndHistogram - This routine subtracts images and performs
a histogram. It differs from SubAndHistogram in the following way.
When an image is subtracted, the result can be from -255 to +255 (-
PIXEL.MAX, +PIXEL MAX) but SubAndHistogram converts the sub-
tracted image into a range from 0 to 255, which means compacts it by
dividing by 2 (makes the range -127 to +127) then adding 128. This
routine (FullSubAndHistogram) does not divide by 2 nor add anything,

It is capable of double subtract (if SecondOn > -1) but has not been
tested in this mode. ROI defines the region of interest, only rows and
columns in the ROI are processed. The histogram is stored as an array.
The double subtract histogram probably does not work, it has never been
used. For double subtract the histogram computes (Firston + Secondon
- 2 Dim) /2 which can be -255 to +255 (-PIXEL MAX, +PIXEL.MAX).
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10.

11.
12.
13.

For Single subtract compute (Firston - Dim) which can be from -255 to
+255 (-PIXEL_.MAX, +PIXEL MAX).

For no subtract the histogram ranges from 0 to 255 (0, +PIXEL_-MAX).

We store the histogram as an array index between 0 and FULLNUM-
BEROFPIXELBINS which is currently PIXEL_ MAX *2 +1 or 0 to 511.
Index (array value) 0 corresponds to the number of pixels with intensity
of -255 (-PIXEL.MAX) and index 511 is the number at intensity +255
(+PIXEL.MAX).

The code is written so that PIXEL_MAX can be changed at will and the
routine should continue to run. We have never changed PIXEL_MAX
however to test this.

LoadTargetFromStats - The image data structure contains the blob in-
formation, allstats contains information about which blob is top, etc.
Target is loaded with the blob information. There should probably be a
better way to do this instead of copying. If the id in allstats is = -] jt
means the blob is missing.

The AllStats data structure contains information about which blobs are
retros and which ones are likely to be LEDs. The target data structure
wants a single centroid location for the LED so this routine converts the
number of LED’s into a single LED blob. The algorithm is not fancy and
if the number of LED's found differs from what is expected the routine
says none were found.

Mark_Target - This routine puts an LED mark (an X with one white line
and one black line so it shows up) on the LED blob. It draws an LED
mark on the corner retro also. It also draws Retro marks (circles with
radius equal to the blob radius, one white and one just inside it with
black). It also puts a + at the 0,0 location.

MarkOneRetro - Draws a white and black circle over a blob. The black
circle has radius equal to the blob, the white's radius is 2 pixels larger.

ComputeStatistics - This routine will compute the magnitude of the
Brightest and Dimmest intensity, the average intensity, the standard
deviation of intensity and the number of pixels in the region of interest.
It works with no subtraction, single subtraction and double subtraction,

MarkAllBlobs - Draws a circle around all the blobs. It uses MarkOneRetro
to do the marking.

PositionDifference - Computes the distance in pixels between two blobs.
DoHistogram - Computes the histogram of an image.

Subtract Images - Subtracts two images and stores it. Only works on
pixels inside the ROI.
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6.3 Function: Local Target Routines

Documentation Date: 3/10/95

Prototypes:

void MarkOneLED(OneBlob *blob, int page);
void CopyOneBlob(OneBlob *from, OneBlob *t0);
double TotalSizeOfAllBlobs(OneBlob blobs(], int numblobs) ;
void Integrate.Image (int Frame, double *sum, ROI roi);
Source File: target.c
Type of Function: Internal to the Library, Not User Callable
Header Files Used in target.c: <stdio.h> <math.h> "datatype.h” "tar-
get.h” "targa8.h” "misc.h” "blob.h”

Description:

There are several internal routines in this file this section describes all but one.
The internal routines described are:

1. TotalSizeOfAllBlobs - adds up the size of all blobs.
CopyOneBlob - copies one blob into another.

MarkOneRetro - draws a white and black circle over a blob.

MarkOneLED - draws a white and black x over a blob.

Integrate_Image - Sums the intensity of all pixels inside the ROI to de-
termine the total brightness.

(¥
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Figure 6.2: Eight Frames Grabbed by the System.

6.4 Function: FindFramesForDoubleSubtract

Documentation Date: 6/24/94

Prototypes:

void FindFramesForDoubleSubtract(int FirstFallingEdge, int *FirstBright,
int *Dim, int *SecondBright);

Source File: target.c

Type of Function: User Callable

Header Files Used in target.c: <math.h> "datatype.h” "target.h” "targa8.h”
"misc.h” "blob.h” '

Description:

This routine determines which image frames are On and which are Dim. It
locates two On frames and the Off frame between them. FirstFallingEdge
(passed to the routine) is used for the calculation.

6.4.1 Theory

The program grabs eight frames. Two consecutive frames have the LED on.
The first of the two has the LED on brighter than the second (a hardware
problem). After two on frames, there are two consecutive off frames. The
second off however has the LED on dimly (hardware problems). Suppose
frames have been grabbed as figure 6.2 shows. The figure shows frames 3 and
4 as a consecutive set of On frames. Frame 0, is what is called the first falling
frame (defined elsewhere). What this routine does is set FirstBright = 3, Dim
= 5, and SecondBright = 7. If the FirstFallingFrame is > 0 then FirstBright
= FirstFalling -1.
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Figure 6.3: A Hypothetical Histogram,

6.5 Function: ComputeSignalToNoise

Documentation Date: 6/24/94

Prototypes:

void ComputeSignalToNoise(Image *image);

Source File: target.c

Type of Function: Internal to the Library, Not User Callable

Header Files Used in target.c: <math.h> "datatype.h” “target.h” "targa8.h”
"misc.h” blob.h”

Description:

This routine computes a number which it stores in the image data structure.
The number is supposed to indicate a degree of confidence in the blobs that
were found. The greater the number the more confidence. It is not a proba-
bility therefore the number can be > 1.

6.5.1 Theory

Once the blobs have been determined in an image, every pixel belongs to
either a blob or the background. Suppose you draw a histogram of the image.
Ideally it would look something like figure 6.3 We know which pixels belong
the blobs and which are background. We compute the mean and standard
deviation of both distributions. The Blob hump is considered the signal, the
background hump is considered the noise. The Signal to Noise value js defined
as the Intensity distance between (Blob Mean - 1 Blob Standard Deviation)
and (Background Mean + 1 Background Standard Deviation). If the Signal
to Noise value is large then the pixels considered to be blobs are “separated”
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from the background. If it is small, the blobs are less distinguishable from
background.
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. *
6.5.2 Program Listing:
J A Lol R e

ta .
uun*uunnngit*f*n*uuHNuuuunnnu*uuuunuuuunv
#include <math.h>
#include <stdio.h>
#include "datatype.h"

#include "target.h"

#include "targa8.h"

#include "misc.h"

#include "blob.h" 10

/*Puts an X over the blob the size of X depends on the blob radius */
void MarkOncLED(OncBlob *blob, int page);

/*Puts an O around the blob the size of O depends on the radius*/
void CopyOncBlob(OncBlob *from, OncBlob *to);

double TotalSizcOfAliBlobs(OncBlob blobs[], int numblobs):
void ComputcSignalToNoisc(Image *imagce);

/ *The storage image is the targa page that can be used to hold an 20
tmage so the user can sce the processing as it occurs. Due to hardware
problems we blink the led On, On, Off, Off etc. The
second On is sometimes used in Leo’s double subtract but the second Off
is never used so pick it as the Storage Image. Since firstfallingedge is
the tmage number of the sccond On, then the second off is two more than
that. */
int FindStorageImage( int FirstFallingEdgce)
{
return(FirstFallingEdge + 2);
/ *This is the bad off*/ ' 30
}

/ *The standard double subtract uses the first on, first off, and the
nezt first on. */
void FindFramcsForDoubleSubtract( int FirstFallingEdge, int *FirstBright, int
*Dim, int *SccondBright)
{
if(FirstFallingEdge == 0)*FirstBright = 3;
else *FirstBright = FirstFallingEdge — 1;
*Dim = *FirstBright + 2; 40
*SccondBright = *Dim + 2;

}

ImageLinc firstonlinc,offlinc,sccondonline,storcline;/ *This produces a stack
overflow unless static*/
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/ *This routine calls the blob analysis routine®/
int Dcfinclmage( int FirstOn, int Off, int SccondOn, int storcpage, Image *theimage,
long LargestToFind, long SmallestToFind, int thresh)

{ 50

int crror;

DPixcl neg,pos;

OncBlob ncgblobs[5];/ *Changed from 1 to debug®/

int numofncgtofind;

ROI roi;

WHOLE_IMAGE(roi);

ncg = (DPixcl) —thresh;

pos = (DPixcl) thresh;

thcimage—>posthreshold = pos;

theimage—>negthreshold = neg; 60

theimage—>num_of blobs_found = MAX_BLOBS_PER_PICTURE;

numofnegtofind = 0;

crror = ExtractBlobs(FirstOn, Off, SccondOn, storcpage, &numofnegtofind,
ncg, negblobs, &theimage—>num_of_blobs_found, pos. theimage—>blobs, &thecimage—>background,
LargestToFind, SmallestToFind, roi);

ComputcSignalToNoisc(thecimage);

return(crror);

}

/ *This routine subtracts images and performs a histogram. It is capable 70
of double subtract (if SecondOn > —1) but not showing the results. ROI
defines the region of interest. */
void SubAndHistogram( int FirstOn, int Dim, int SccondOn, Histogram hist, ROI
roi)
{
int row,col,i;
DPixcl temp;
/ *The histogram must be an array. Set it zero at first*/
for(i=0;i<NUMBEROFPIXELBINS;i++)hist[i]=0;
/ *For all rows in the ROI*/ 80
for(row=roi.ys;row<roi.yc;row=row-+roi.resolution){
GetLinc(row,FirstOn,firstonlinc);
if(Dim > —1)GetLinc(row,Dim,offlinc);
if(SccondOn > —1)GetLine(row,SccondOn.sccondonline);
for(col=roi.xs;col<roi.xc;col=col+roi.resolution){
/ *For double sub. compute (Firston + Secondon — 2 Dim), this
can be —510 to +8§10. We want this to be an array indez so it should be
converted to a range between 0 and NUMBERQFPIXELBINS. This routine
should be corrected. Double subtract has never been used in histogram so
perhaps this is why this bug was never found.*/ 80
if(SccondOn > —1)temp = max (( ( (DPixcl) firstonline[col] — 2¥(DPixcl) offlinc[col]
+ (DPixcl) sccondonlinc[col] )/2+ 128),0); _
/ *Single subtract Firston — Dim can be from —255 to +255. We store
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this as an array indez between 0 and 255 so divide by 2 (makes the range
—127 to +127) and add 128 (range is 1 to 255). This is not too good
because the indez should range from 0 to N UMBEROFPIXELBINS—1. It does
in this case since N UMBEROFPIXELBINS=256 but it should be more
general. */

else if (Dim > —1) temp = max (( ( (DPixel) firstonline[col] — (DPixcl) offlinc[col]
)/2+ 128),0); 100

else temp = firstonline[col];
#ifdef CHECKLENGTH '
if(( int)tcmp>=NUMBEROFPIXELBINS)Fatal_Error_Mcssagc( "Blew it in Subandhistogram");
#endif

hist[ ( int) temp |++;

}
}

void FullSubAndHistogram( int FirstOn, int Dim, int SecondOn, FullHistogream hist,
ROI roi)

{

int row,col,i;

DPixcl temp:
for(i=0;i<FULLNUMBEROFPIXELBINS;i++)hist[i]=0;

/*
for(i=0;i< FULLNUM BEROFPIXELBINS;i++ Jprintf(”_%d) %d”, 3, hastfi]);
¥/
for(row=roi.ys;row<roi. ye;row=row-troi.rcsolution){
GctLinc(row,FirstOn,ﬁrstonlinc); 120

if(Dim>—l)GctLinc(row,Dim,ofﬂinc);
if(SccondOn > —l)GctLinc(row,SccondOn,sccondonlinc); '
for( col=roi.xs;col<roi.xc;col=col+roi.rcsolution) {
if(SccondOn > —1)temp = ( (DPixcl) firstonline[col] - 2*(DPixcl) offlinc|col]
+ (DPixcl) sccondonlinc(col] )/2; :
else if(Dim>—1)temp = (DPixcl) firstonlinc[col] — (DPixcl) offlinc(col] ;
else tcmp = (DPixcl) firstonline|col];
#ifdef CHECKLENGTH
H((( int)tcmp+PIXEL_MAX)>=FULLNUMBEROFPIXELBINS)Fatal_Error_Mcssagc("Blew it
in FullSubandhistogram"); 130
#endif
hist[ ( int) temp + PIXEL_ MAX]++;
}
/*
for(i=0,i< FULLN UMBEROFPIXELBINS:i++ Jprintf(”_%d| %d 71, histfi]);
printandwait(”ready”);
*/
}
}

140
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void ComputeStatistics( int FirstOn, int Dim, int SccondOn, ROI roi,
DPixcl *Brightest, DPixcl *Dimmest, DPixcl *Average, DPixel *StdDev,
long *NumberOfPixcls)
{
double sum, sumsq, dave;
int numrows, numcols;
DPixcl maximum, minimum;
DPixcl temp;
int row,col;
maximum = ~PIXEL_MAX; 150
minimum = PIXEL_MAX;
numrows = numecols = 0;
sum = sumsq = 0,;
for (row=roi.ys;row<roi. ye;row=row-troi.rcsolution){
numrows—+;
GctLinc(row,FirstOn,ﬁrstonlinc);
if(Dim > —1) GetLinc(row,Dim,offlinc);
if(SccondOn > —l)GctLinc(row,SccondOn,sccondonlinc);
numcols=0;
for(col=roi.xs;col<roi.xc;col=col+roi.resolution){ 160
numcols++;
if( (Dim > —1) && (SccondOn > —1) Jtemp = ( (DPixcl) firstonlinc[col] — 2*(DPixcl)
offlinc[col] + (DPixcl) sccondonlinc|col] )/2;
else if(Dim > —1) temp = (DPixcl) firstonline[col] — (DPixcl) offlinc[co]

else tcmp = (DPixcl) firstonline[col];

maximum = max(maximum,temp);

minimum = min(minimum,temp);

sum = sum + ( double) temp;

sumsq = sumsq + ( double) temp * ( double) temp; 170

}
}

*NumbcrOfPixels = numecols * numrows;

dave = (sum/ ( double)*NumberOfPixcls);

*Average = (DPixcl) dave;

*StdDev = (DPixcl) sqrt(sumsq/ ( double)*NumbcrOfPixcls — dave * dave);
*Brightest = maximum;

*Dimmest = minimum;

}

/ *The image data structure contains the blob information, allstats

contains information about which blob is top, ete. Target is loaded with

the blob information. There should probably be a better way to do this
instead of copying. If the id in allstats is = — 1 it means the blob is

missing. */

void LoadTa.rgctFromSta.ts(Imagc *image, Target *target, AllStats *allstats)

{

180



140 CHAPTER 6. TARGET.C, TARGET.H

int counter,numofledsfound;
double tempsize;
target—>num_of led = 0; 190
target—>led.size = 0.;
target—>led.gray = 0.;
target—>led.centx = 0.;
target—>led.centy = 0.;
numofledsfound = 0;
for(countcr=0;(a.llstats-—>id.lcd[countcr]>—1)&&(c0untcr<allsta.ts—>id.Nonna.lNumOchds);countc
numofledsfound++;
tempsize = image—>blobs[allstats—>id.led[counter]].size;
target—>led.size = target—>led.size + tempsize;
target—>lcd.gray = target—>led.gray + tempsize*image—>blobs(allstats— »ad.led[countcr]].gray;
target—>led.centx = target—>led.centx + image—>blobs|allstats—>id.led[counter]).centx;
target—>led.centy = target—>led.conty + image—>blobs|allstats—>id.led [counter]].centy;
}
printf("counter is %d",numofledsfound);
if(numoflcdsfound == allstats—>id.N ormalNumOfLeds){
target—>num_of led = 1;
target—>led.gray = target—>led.gray/target—>led.sizc;
target—>led.centx = target—>led.centx/numoficdsfound;
target—>led.centy = target—>led.centy/numofledsfound;
} 210
target—>led.radius = 1.;
target—>led.variance = 0.;

target—>NumOfOdd = 0;

if(allstats—>id.corner > —1){
CopyOncBlob(&imagc——>blobs[a.llsta.ts—>id.corncr],&ta,rgct—'>0ddRctro);
target—>NumOfOdd = 1;

}
target—>left = 0; .
if(allstats—>id.left > —1){ 220

CopyOncBlob(&image~>blobs|allstats— >id.left],&target —>lcftretro):
target—>left = 1;
}

target—>right = 0;
if(allstats—>id.right > —1){
CopyOncBlob(&imagc—>blobs[allstats—>id.right] .Setarget—>rightretro);
target—>right = 1;

}
target—>top = 0;
if(allstats—>id.top > ~1){ 230

CopyOncBlob(&image—>blobs[allstats—>id.top),&target — >topretro);
target—>top = 1;

}

target—>bottom = 0
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if(allstats—>id.bottom > —1){
CopyOncBlob(&image—>blobs[allstats—>id.bottom],&target— >bottomretro);
target—>bottom = 1;

}
}

/ *This routine puts an LED mark (an X with onc white line and onc
black line so it shows up) on the LED blob. It draws an LED mark on the
corner retro also. It also draws Retro marks (circles with radius equal
to the blob radius, one white and onc just inside it with black). It
also puts a + at the 0,0 location.*/
void Mark_Target (Target *target, int page, int middlex, int middley)
{
line(page,middlex—LINEHALFLENGTH.middlcy.middlex+ LINEHALFLENGTH,middlcy, WHITE
line(page,middlex,middlcy—LINEHALFLENGTH,middlex,middley+LINEHALFLENGTH,WHITI
if(target—>left) MarkOncRetro(&target—>leftretro,page); 250
if(targct—>top) MarkOncRctro(&target—>topretro,page);
if(target—>right) MarkOncRetro(&target —>rightretro,page);
if(target—>bottom) MarkOncRetro(&target—>bottomretro,page);
if(target—>num_of led) MarkOncLED(&target—>led,page);
if(target—>NumOfOdd){
MarkOncLED(&target—>OddRectro,page);
MarkOncRetro(&target—>0OddRctro,pagce);

}
}

void MarkAllBlobs(Imagec image, int page)
{
int i;
for(i=0;i<imagec.num_of_blobs_found:i++){
MarkOncRectro(&image.blobs[i], page);
}

240

280

}

R

Local Routines 270
FEERHRARRRRR ]
/ *This routine adds up the size of all blobs. */
double TotalSizcOfAllBlobs(OncBlob blobs|[], int numblobs)
{
int i;
double rcturnvaluc;
returnvalue = 0;
for(i=0;i<numblobs;i++){
returnvaluc = rcturnvaluc + blobs|i}.sizc;
} _ 280
return rcturnvaluc;
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}

void ComputcSignalToNoisc(Image *imagc)
{

/ *This needs a better algorithm to compute the background’s variance, the
shortcut formula does not work*/

int i;

double totalsizc;

double totalvariance, totalaverage; ’ 290
imagc—>SignalToNoiscMargin = 0;

return;

if(imagc—>num_of_blobs_found == 0){
imagc—>Signal ToNoiscMargin = —imagc—>background.gray — sqrt(image—>background.variance):
return;
}

totalvariance = 0.;

totalaverage = 0.;

/* Add all blob sizes together ¥/

totalsize = TotalSichfAllBlobs(imagc—>blobs,ima.gc—>num_of_blobs_found);3oo

/ * For cach blob add its contribution to the distribution’s mean and
variance */

for(i=0:i<imagc— >num_of_blobs_found:i++){
totalvariance = totalvariancce + image— >blobsi].size*image—>blobs|i]. variance;
totalaverage = totalaverage + image— >blobs[i}.size*image—>blobs(i].gray;
}

/ * Compute the Blob mean and Standard Deviation */

totalvariance = totalvariance / totalsize;

totalaverage = totalaverage / totalsize;

/* Value is Intensity difference between: ' 310
(Blob Mean — Blob Std. Dev.) and
(Back Mcan + Back Std. Dev.) */

image—>SignalToNoiscMargin = ((totalaverage — sqrt(totalvariance)) — (image—>background.gray

+ sqrt(image—>background.variance)));

}

/ * This routine copies one blob into another */
void CopyOncBlob(OncBlob *from, OncBlob *to)
{
to—>size = from—>sizc; 320
to—>centx = from—>centx;
to—>centy = from—>centy;
to—>gray = from—>gray:
to—>radius = from—>radius;
to—>variance = from—>variancc;

}

/ *This routine draws a white and black circle over a blob*/
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void MarkOncRectro(OncBlob *blob, int page)
{/ *fiz to be general®/ 330
circle(page, ( int) blob—>centx, ( int) blob—>centy, ( int) blob—>radius, BBLACK);
circle(page, ( int) blob—>centx, ( int) blob—>centy, ( int) (blob—>radius +

2), WHITE);

}

/ *this routine draws a white and black z over a blob*/

#define HALFSIZE 2

#define FULLSIZE 4

void MarkOncLED(OneBlob *blob, int page)
{ 340
int startlightx,startlighty,startdarkx,startdarky:
int cndlightx.cndlighty,cnddarkx,ecnddarky:

startlightx = (( int) blob—>centx) — ( int) blob—>radius * HALFSIZE;
cndlightx = startlightx + ( int) (blob—>radius * FULLSIZE);

startlighty = (( int) blob—>centy) — ( int) blob—>radius * HALFSIZE;
cndlighty = startlighty + ( int) (blob—>radius * FULLSIZE);

startdarkx = ( int) blob—>centx + ( int) blob—>radius * HALFSIZE; 350
cnddarkx = startdarkx — ( int) (blob—>radius * FULLSIZE);

startdarky = ( int) blob—>centy — ( int) blob—>radius * HALFSIZE;
enddarky = startdarky + ( int) (blob—>radius * FULLSIZE);
linc(page, startlightx, startlighty, cndlightx, endlighty, WHITE);
linc(page, startdarkx, startdarky, cnddarkx, cnddarky, BBLACK);

}

/ *The following are not currently used*/
[ EREREERR R R R RRRERRCRR RIS , 280

* Histogram of IMAGE *

FRERERREERRERE LR RER IR RRARRRR RS A ]

void DoHistogram( int Framec, Histogram hist, ROI roi)
{
int row,col;
ImagcLinc linc;
int i;
for(i=0;i<NUMBEROFPIXELBINS;i++)hist|i]=0;
for(row=roi.ys;row<roi.yc;row=row-roi.resolution){
GetLinc(row,Frame,line); 370
for(col=roi.xs;col<roi.xc;col=col+roi.resolution ) {
#ifdef CHECKLENGTH
if(( int)linc[col]>=NUMBEROFPIXELBINS)Fatal Error_Mcssage("Blew it in Dohistogram");
#endif
hist[ ( int) linc|col] J++;
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}
}
}

AR L T

* SUBTRACT IMAGES *
FRRERR R R R R ERRE R FRRFRRRRRRE R R R ERRRRR R}
void Subtract_Images (int FirstOn, int Off, int SecondOn, int Store, int DivideBy,
int OffsetToAdd, ROI roi)
{
int row, col;
DPizel temp;

380

// Older subtract routine that should be slower with "if” statements

//buried in the loop 390
// This will subtract buffer! — buffer? put the result in Output

// Output = (Buffer! — Buffer2)/ DivideBy + OffsctToAdd

for(col=0;col< IMAGEWIDTH;col++ )storelinefcol]=0;
for(row=roi.ys;row< roi.ye;row=row+roi.resolution {
GetLine(row, FirstOn, firstonline);
if(Off>—1)GetLine(row, Off offline);
if(SecondOn > —1)GetLine(row,SecondOn,secondonline);
for(col=roi.zs;col< roi.ze;col=col+roi.resolution ){
if(SecondOn > —1)temp = maz (( ( (DPizel) firstonlinefcol] — 2*@RPizel) offline[col]
+ (DPizel) secondonlinefcol] )/ DivideBy + OffsetToAdd),0);
else if(Off>—1)temp = maz (( ( (DPizel) firstonlinefcol] — (DPizel) offlinefcol]
)/ DivideBy + OffsctToAdd),0); .
else temp = (DPizel) firstonline[col];
storeline[col] = (Pizel) temp;
}
PutLine(row,Store,storeline);
}
}

*/ 410
[ EFEERE AR R R REERREFRF IR RERRRRE R
* SUBTRACT IMAGES *

uuu”uH**nrurN*uu****u*unuun/

void Subtract_Images ( int FirstOn, int Off, int SccondOn, int Store, int DivideBy,
int OffsctToAdd, ROI roi)

{

int row,col;

DPixcl tcmp;

/*

This will subtract buffer! — buffer2 put the result in Output 420
Output = (Buffer! — Buffer2)/DivideBy + OffsetToAdd
*/
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for(col=0;colKIMAGEWIDTH;col++)storclinc[col]=0; //Do we nced this?
if( (Off>~1) && (SccondOn<0) ){ //Singlc subtract
for(row=roi.ys;row<roi.yc;row=row-roi.resolution) {
GetLine(row,FirstOn,firstonlinc);
GetLinc(row,Off offlinc);
for(col=roi.xs;col <roi.xc;col=col+roi.resolution){
temp = max (( ( (DPixcl) firstonline[col] — (DPixcl) offlinc[col] )/DivideBy
+ OffsctToAdd),0); 430
storcline[col] = (Pixcl) temp;
}
PutLinc(row,Store,storcline);
}
}

if( (Offi>—1) && (SccondOn>—1) ){ //Double subtract
for(row=roi.ys;row<roi.yc;row=row-roi.rcsolution){
GetLinc(row,FirstOn,firstonlinc);
GetLine(row,Off offlinc); 440
GetLince(row,SccondOn,sccondonlince);
for(col=roi.xs;col<roi.xc;col=col+roi.resolution){
temp = max (( ( (DPixcl) firstonlinc[col] — 2*(DPixcl) offlinc[col] + (DPixcl)
sccondonline[col] )/DivideBy + OffsctToAdd),0);
storcline(col] = (Pixel) temp;
}
PutLinc(row,Store,storclinc);
}

}
if( (Off<0) && (SccondOn<0) ){ //No subtraction at all, Why?? 450

for(row=roi.ys;row<roi.yc;row=row-roi.resolution){
GetLinc(row,FirstOn, firstonlinc);
for(col=roi.xs;col <roi.xc;col=col+roi.resolution){
temp = (DPixcl) firstonlinc[col];
storclinc[col] = (Pixcl) temp;

}

PutLinc(row,Store,storclinc);

}

} //End of subtraction routinc 480
[ FREEERER R ERRARRRR R EREERRRRRRAR RS

* Integrate_Image*
e e L L

/ *This routine integrates the gray scale values over an entire image
to indicate the total brightness of the image*/

void Intcgratc Image ( int Frame, double *sum, ROI roi)

{

int row,col;
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*sum=0;
for(row=roi.ys;row<roi.yc;row=row+roi.rcsolution){
GetLinc(row,Frame,firstonlinc);
for(col=roi.xs;col<roi.xc;col=col+roi.resolution) {
*sum = *sum + ( ( double) firstonline[col] );
}
}
}

470

/¥ This routine returns the distance between two blobs */ 480
double PositionDiffercnce(OneBlob *one, OncBlob *two)
{
return( sqrt( squarc(onc—>centx—two—>centx) + squarc(onc—>centy —two—>centy)
) )i
}
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memory.c, memory.h

Documentation Date: 6 /27/94

7.1 Memory Management Functions

The routines in this file perform memory management.
New Data Types:

None.

Definitions:

1. MALLOC - define as MyMalloc if you want memory debugging functions.
Define it as malloc if you do not.

2. FREE - define as MyFree if you want memory debugging. Define it as
free if you do not. -

7.1.1 Header File Listing:

#ifndef MEMORY_H
##define MEMORY_H
/ *
#define MALLOC MyMalloc
#define FREE MyFree
¥/
#define MALLOC malloc
#define FREE frce

/ *To make sure memory allocations are freed MyMalioc and MyPree keep 10
count of the number of allocations*/

void MyFree( void *a);

void *MyMalloc(size_t size);

#endif



148 CHAPTER 7. MEMORY.C, MEMORY.H

7.2 Function: Various Memory Functions

Documentation Date: 6/27/94

Prototypes:

void increasemem()
void decreasemem()
void MyFree(a)
void *MyMalloc(size.t size)
Source File: memory.c
Type of Function: Internal to the Library, Not User Callable
Header Files Used in memory.c: <malloc.h> < stdio.h> "memory.h”

Description:

These routines count the number of times a malloc and free is performed.
They are used to make sure all allocated memory is freed. The file memory.h
contains two definitions that cause the commands MALLOC and F REE to
either point to the c library functions or these. The routines increasemem and
decreasemem increment (decrement) a counter and print messages.

7.2.1 Program Listing:

#ifndef NeXT
#include <malloc.h>
#else
#include <stdlib.h>
F#Fendif
#include <stdio.h>
#include "memory.h"

static int numbcrofaddresses=0;
void incrcascmem( void); 10
void dccreasemem( void);

void increasemem()

numbcrofaddresses++;
printf("There are %d memory allocations.\r".numbcrofaddresses);

}

void decreasecmemy()
20

numbcrofaddresses——;
printf("There are %d memory allocations.\r".numbecrofaddresses);

}
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void MyFrce(a)
void *a;
{
free(a);
decrcasemem ();
30

void *MyMalloc(sizc_t sizc)

void *a;
a = malloc( sizc );
if(a != NULL) incrcascmem();
return(a);

}
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misc.c, misc.h

Documentation Date: 3/10/95

8.1 Miscellaneous Functions

These are miscellaneous routines that do not fit elsewhere,
New Data Types:

None.

Definitions:

* min - a macro defined to return the minimum of two numbers.
¢ max - a macro defined to return the maximum of two numbers.
¢ MPI-Di

¢ FILENAME STORAGE_TOO_SMALL = 10 - Error Return

8.1.1 Header File Listing:
A R R NP PPN
* MISC.H *
* *
* Miscellaneous procedures. ¥
uuu*n*uuHuuuuuununnuun/
#ifndef MISC_H
#define MISC_H
#ifndef min
#define min(a,b) (( (a) < (b)) ? (a) : (b))
#endif 10
#ifndef max
#define max(a,b) (( (a) > (b)) ? (a) : (b))
#Fendif
#ifndef M_PI
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#define M_PI 3.14159265358979323846
#Fendif
[ *returns +1 if 2>0 —1 if 2<0 returns 0 if z=0*/
double sgn( double x);
/¥ returns z¥z ¥/
double squarc ( double x); 20
/¥ rounds z up or down?/
double round( double x); ‘
/ * returns a 4 quardrant inverse tangent in degrees*/
double atan2d( double numer, double denom);
/ *Takes a filename and an extension and constructs the fullname
fullname is dimensioned len
Returns SUCCESS or FILENAME_STORAGE_TOO_SMALL *
#define FILENAME_STORAGE_TOO_SMALL 10
int FormFullFileNamec( char *fullname, int len, char *name, char *ext);
#endif 30
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8.2 Function: Miscellaneous Functions

Documentation Date: 6/27/94

Prototypes:

double sgn(double x);
double square (double x);
double round(double x);
double atan2d(double numer, double denom);

1

int FormFullFileName(char *fullname, int len, char *name, char

*xext) ;

Source File: misc.c

Type of Function: User Callable

Header Files Used in misc.c: <math.h> "misc.h”

Description:

—

sgn(double x) - returns the +- sign of x.
2. square - returns the square of x.

round(double x) - returns x rounded off to nearest integer.

numer/denom in degrees. It returns the proper quadrant.

(7]

atan2d(double numer, double denom) - returns the inverse tangent of

FormFullFileName - Forms a full file name given the name string and

extension string. Len is the length of the Fullname string storage space.

8.2.1 Program Listing:

[ FQ@QA* AR R ERRR IR R R ERRRF R R R NI R SRR R AR R AR RR R R R AR

MISC.C

Miscellancous procedures.

n**nuuH**uuuunu*uun*u*n**n*nuu*uu**u*uuuunu/

#include <math.h>
#include <string.h>
#include <stdio.h>
#include "datatype.h"
#include "misc.h"

[ EHEE R R R R R R R RRF R RN ERRAS

* round *
**uuuuuu*uuu*uuuunu**uun/

double round( double numbecr)

{

10
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int i;
i = (int) ( number + sgn(number) * .5);
return(( double) i);

}

PR LE S AL L e PR e

* SGN ¥

Hun«uNunHu*u#n*uununn*nu/

20

double sgn( double x)

if(x < 0.) return(-1.);
if(x > 0.) return(l.);
return(0.);

30
PR R L L S L LI L LI LR IR PP Py

* SQUARE *

*unuuuu*u*n*uu*unu**uun#n/

double squarc ( double x)

return (x * x);

}

double atan2d( double numer, double denom)

{ 40
if( (numer == 0.) && (denom == 0.) ) return(0.);
return(atan2(numecr,denom)*180./M_PI);

int FormFullFilcName( char *fullname. int len, char *name, char *ext)

{ :

int ij;

int lenofname, lenofext;

i=j=0;

lenofname = strlen(name); 50

lenofext = strien(ext):

if( (1cnofna.mc+lcnofcxt+2)>lcn) return FILENAME_STORAGE_TOO_SMALL;
sprintf(fullname,"%s.%s" ,name,cxt);

return SUCCESS;

}
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plot.c, plot.h

Documentation Date: 3/12/95

9.1 Generate 2D plot

The routines in this file generate a 2D plot.

New Data Types:

typedef struct long minx, maxx, miny, maxy, majxtic, majytic, minxtic,
minytic; int DefaultFontAndColor;/*Set true to take defaults*/ char Font-
File[100], FontName[100]; int BackColor,BorderColor, TextColor,Label Color;
GraphData;

Definitions:

1. FONTFILE - "tmsrb.fon” the name of the font for axis labels. I think
the way this works is the font file gives the character shapes then the font
name t’tms rmn’h12wGb gives the size. Check the MSC documentation,
I believe there is an environment variable C searches for the font files.
If you cannot find the proper environment variable to set then copy the
font file you need into the main program’s directory. If the program
cannot find the font file you specify it will print the message " Couldn't
register the font.” If it cannot find the font inside the font file it prints
"Couldn't set the font.”

2. POINTS - 0 indicates that points are to be drawn.
3. LINES - 1 indicates that lines are to be drawn.
4. Colors for the plot:

(a) PLOTBLACK - 0
(b) PLOT DARK.BLUE - 1
(c) PLOT_DARK_GREEN - 2
(d) PLOT.TURQ - 3
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() PLOT.DARK_RED - 4
(f) PLOT DARK_PURPLE - 5
(5) PLOT BROWN - 6

(h) PLOT LIGHT.GRAY - 7
(i) PLOT_DARK.GRAY - 8

(i) PLOTLTBLUE - 9

(k) PLOT_LIGHT.GREEN - 10
(I) PLOT_CYAN - 11

(m) PLOTLIGHT.RED - 12
(n) PLOTLIGHT PURPLE - 13
(0) PLOT_YELLOW - 14

(p) PLOT_WHITE - 15

5. Default values:

(a) DEFAULT FONT *t'tms rmn’h12w6b”

(b) DEFAULT_BACK - PLOTBLACK

(c) DEFAULT BORDER - PLOT LIGHT.GRAY
(d) DEFAULT.TEXT - PLOT.CYAN

(¢) DEFAULT_LABEL - PLOT_.YELLOW

9.1.1 Header File Listing:

#ifndef PLOTDATA_H

#define PLOTDATA_H

/ *Colors*/

#define PLOT BLACK 0
#define PLOT_DARK BLUE 1
#define PLOT_DARK_GREEN 9
#define PLOT_TURQ 3
#define PLOT_DARK _RED 4
#define PLOT_DARK_PURPLE 5
#define PLOT_BROWN §
#define PLOT_LIGHT_GRAY 7
#define PLOT_DARK_GRAY 8
#define PLOT_LT BLUE 9
#define PLOT_LIGHT_GREEN 10
#define PLOT CYAN 11
#deflne PLOT_LIGHT RED 12
#define PLOT_LIGHT_PURPLE 13
#define PLOT YELLOW 14

10
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#define PLOT_WHITE 15
20
typedef struct {
long minx, maxx, miny, maxy, majxtic, majytic, minxtic, minytic;
int DefaultFontAndColor;/ *Set true to take defaults*/
char FontFile[100], FontName[100);
int Ba.ckColor,Bordcholor,TcxtColor,Labcholor;
}GraphData; v

/ *Default values*/

#define DEFAULT _FONT "t ’tms rmn’hi2wéb"
/ *#define FONT FILE ”c:\\language\\quickc\\bin\\tmsrb. fon”*/ 30
#define FONT FILE "tmsrb. fon"
#define DEFAULT_BACK PLOT_BLACK
#define DEFAULT_BORDER PLOT_LIGHT GRAY
#define DEFAULT TEXT PLOT_CYAN
#define DEFAULT LABEL PLOT_YELLOW

/ *There are two types of plots POINTS and LINES ¥

#define POINTS 0

#define LINES 1

void SctupGraph( GraphData *graphdata ); 40
void QuitPlot ( void ); '
void Plot( long xdata[], long ydata[], int num _pts, int plot_type, int color

void PlotVerticalLince( long x, int color);
void ErascVerticalLine( long x, longy, int ycolor);

#endif
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9.2 Function: Plot modified from a program
Written by Roy Chancellor.

Documentation Date: 3/12/95

Prototypes:

void SetupGraph( GraphData *graphdata );

void QuitPlot ( void );

void Plot( long xdataf], long ydataf], int num_pts, int plot_type,
int color );

void PlotVerticalLine(long X, int color);

void EraseVerticalLine(long x, long y, int ycolor);
Source File: plot.c
Type of Function: User Callable
Header Files Used in plot.c: <stdio.h> < graph.h> < conio.h> <process.h>
"datatype.h” "misc.h” "plot.h”

Description:

There are several user callable routines in this file. This has only been used on
SVGA computers running DOS 6.0 and above. The callable routines follow:

1. EraseVerticalLine - This routine erases a vertical line. It is very slow
and could be improved. The line js located at a given x value. The y
value is an attempt to indicate where a curve's data point is located.
The routine plots a single point at X,y in the specified .color. This is an
attempt to redraw the figure. It doesn’t work well.

2. PlotVerticalLine - Plots a vertical line at x using specified color. The
line extends from the plot minimum to plot maxirmum.

3. Plot - Plots num_pts points in specified color as either a line graph or
point graph. The data is located in xdata and ydata.

4. QuitPlot - Resets the video mode into text mode.

SetupGraph - Uses the specified GraphData to establish the font, colors,
and axes limits. The graphics video mode is set to -VRES16COLOR.
See MSC documentation for an explanation of this definition.

i

. *
9.2.1 Program Listing:
/NN#*Nu***n***uMNHH*n*HHH*N*HNNNuun*u*uunu#*un

*  MODULE: PLOT.C ¥

* *

* CREATED BY: ROY CHANCELLOR ¥
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*

DATE CREATED: 10-27-93 *
*

DATE LAST MODIFIED: 10-27-93 *

6—30—94 L. Everett — Added support for *
multiple graphs * 10

*

VERSION: 1.00 _ *
*

This program creates a graph on the screen and plots (z,y) points on *
the screen. The data points are passed to the plotting subroutine *
as integer arrays. Tthe user must also pass the number of data
points in the arrays and whether to draw lines between consecutive
points or just plot the points individually. A sample function call *
would look like the following *

*

* 20
plot_data( zdata, ydata, 1000, 1 ); (1 = lines, 0 = points)

*
This program must be linked with histogrm.obj and the main program *
which calls it. For the two calls to setup_graph in this routine, *

the file names must be changed to whatever you are using.
*

*************#*#*****************************:***********************#*###/

*

**%#%****#******#*#***

/ * Header Files... ¥/

#include <stdio.h> 30
#include <graph.h>

#include <conio.h>

#include <proccss.h>

#define TRUE 1

#include "plot.h"
##include "datatype.h"
#include "misc.h"
40
/ *The following are local definitions and prototypes*/
struct axis_data

{

double lx; /* low valuc of z axis data ¥/
double hx; /* high value of z azis data ¥/
double ly; /* low valuc of y azis data */
double hy; /* high value of y azis data */

int ntx; /¥ major z ticks ¥/
int nty; /¥ major y ticks */
int nmtx; /* minor z ticks */ 50

int nmty; /* minory ticks */
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int back_color; /* background color */
int border_color; /* border color ¥/
int text_color; / * text color */
int label_color; / * azis label color */
k
/ * Punction Prototypes... » *
void get_graph_data( struct axis_data *a, GraphData *graphdata ); 80

void font_stuff( char *Font, char *FontFilc);
void sct_modc_a.nd_rccta.nglc( struct axis_data );
void draw _graph_axes( struct axis_data );

void PlotErrorExit( char *message, int exitvaluc);

static struct axis_data xy;

/N#HNHuunuu*uuu*nuNHHNHNNuﬁuunuuuu**uuuNt/

void ErascVerticalLine( long x,
{
long xx(1],yy[1];
/ *Erase the line*/
PlothrticalLinc(x,xy.ba.ck_color);
/ *Draw tics*/
draw_graph_axcs( xy );
xx[0]=x;
if(x == ( long)xy.Ix){
PlotVerticalLinc(x.xy. border_color);
}
else if(x == ( long)xy.hx){
PlotVerticalLine( x,Xy.border_color);

else{

yy[0]=0;
/ *Draw point on zazis ¥
Plot(xx,yy,l,POINTS,xy.bordcr_color);

¥y[0]=( long) xy.hy;
/ *Draw point on upper border*/
Plot(xx,yy, l,POINTS,xy.bordcr_color) :

/ *Draw plot point*/

yy[0l=y;
Plot (xx,yy,1 POINTS,ycolor);

}

void PlotVerticalLine( long xx, int color)

{

long y, int ycolor) 70

80

80
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long x[2],y(2];

x[0] = x[1] = ( long) xx; 100
¥[0] = ( long) xy.ly;

¥[1] = ( long) xy.hy;

Plot(x,y,2,LINES, color);

void Plot( long xdataf], long ydata]], int num pts, int plot_type, int color

)
{
int i;
double tx, ty; 110

_sctcolor( color );
switch( plot_typc )
{
case POINTS:
for(i=0;1i < num_pts; +-+i H
tx = min( max(( double)xdatali],xy.x) Xy.hx);
ty = min( max(( double)ydatali],xy.ly) xy.hy):;
_setpixel_w( tx, ty );
120
break;
case LINES:
tx = min( max(( double)xdata[0].xy.Ix) Xy.hx);
ty = min( max(( double)ydata[0],xy.ly) xy.hy);
Jmoveto_w( tx, ty );
for(i=1;i < num_pts; ++i )

{

tx = min( max(( double)xdatali,xy.lx) Xy.hx);

ty = min( max(( double)ydatali],xy.ly) Xy.hy);

Jincto_w( tx, ty ); ‘ 130
}
break;

} /¥ end switch ¥/
} /* end plot_data */

/u**unuu*un*n*Hnuuuununuu*uuuuN*nuuunnuunn/

void QuitPlot ( void )

{
_sctvideomo dc(_DEFAULTMODE); 140

}

/uuuuuuuunuuuunuuuunuNuuuuuunuunuuuuun/
void font_stuff( char *Font, char *FontFilc)

{
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if( _registerfonts( FontFile ) < 0 )PlotErrorExit("\n\n Couldn’t Register The
Font. ",10);

if( _sctfont( Font ) < 0 ) PlotErrorExit("\n\n Couldn’t Set The Font. " 11);
} /* end font_stuff */

void PlotErrorExit( char *message, int exitvaluc)

{
_sctvidcomode( _DEFAULTMODE );

gprintandwait(message);
exit( exitvaluc );

}

[ EEEER R R R R R KRR R R R R R R RR R R R R AR R KRR R AR R AR AR R

MODULE: HISTOGRM.C ) *

CREATED BY: ROY CHAN CEL[;OR * -
DATE CREATED: 10-27-93 ) *

DATE LAST MODIFIED: 10-27- .9;.3 *

VERSION: 1.00 ) *

This program sets up the graphs for all programs.
* 170

The azis limits, number of major tick marks, and number of minor

tick marks are stored in an ASCII file. The filename including

drive, dircctory, and filename must be passed to this program.

For cxample, this subroutine may be called as

sctup_graph( "c\\directory\\ filename.czt” );

“this must be a \\ and not a \ *
To use this routine in another program it must first be compiled and *

**%i*%#*#*i****%*****%*

then linked into the main program. It will work with all memory *
models. Also, the FONT_FILE definition must be changed to the *
actual location of the font file. 180

*

uu*u*unuuu**nuunn*nnuuu*nnuuuuuunuuuHu*n*/

void SctupGraph( GraphData *graphdata )
{
/¥ set up the fonted text outputs... */
if(graphdata—>DecfaultFont And Color){
font_stuff DEFAULT_FONT,FONT _FILE);

xy.back_color = DEFAULT BACK;
xy.border_color = DEFAULT_BORDER; 190
xy.text_color = DEFAULT _TEXT:

xy.label_color = DEFAULT _LABEL;
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}

else {
font_stuff(graphdata—>FontName, graphdata—>FontFilc);
xy.back_color = graphdata—>BackColor;
xy.border_color = graphdata—>BorderColor;
xy.text_color = graphdata—>TextColor;
xy.label_color = graphdata—>LabclColor;
, 200
/¥ get the azis limits from file... */
get_graph_data( &xy, graphdata );
/¥ Setup the colors for background, labels, border, and ticks... */
/* set the videomode and draw the border... Y/
sct_modc_and_rectangle( xy );
/* draw LINEAR-LINEAR graph azes... Y/
draw_graph_axcs( xy ):
/ * Set the color to the background color for other programs to read... */
_scteolor( xy.back_color ); :
} /* end setup_graph */ 210

/nuu*u*u**uu*uu*Huu*uuu*uu*nunuuu*uuu*uuunuu/

void get_graph data( struct axis data *xy, GraphData *graphdata, )
{
Xy—>Ix = graphdata—>minx;
Xy—>hx = graphdata—>maxx;
xy—>ly = graphdata—>miny;
xy—>hy = graphdata—>maxy;
xXy—>ntx= ( int) graphdata—>majxtic; , 220
Xy—>nty= ( int) graphdata—>majytic;
Xy—>nmtx= ( int) graphdata—>minxtic;
Xy—>nmty= ( int) graphdata—>minytic;
} /* end get_graph_data */

/*****#*******#*#**********#*#*#*#**#*-ﬁ#*#*#t**#***#*t**#tt*#***t#*****#****/

void draw_graph_axcs( struct axis_data xy )
{
char  num lab[10]; 230
int i;
double dcltax, dcltay, Xrange, yrange, Xpos. ypos, Xmpos, ympos;
struct xycoord vicw:
/* double zlo, zhi, ylo, yhi, low_tick_y, low_tick_z;
int i, nmtz, nmty, num_times_z, num_times_y:
struct  zycoord view, phys;*/

deltax = ( xy.hx — xy.Ix ) / Xy.ntx;
xrange = xy.hx — xy.lIx;
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deltay = ( xy.hy — xy.ly ) / xy.nty; 240
yrange = xy.hy — xy.ly;

J AR RERERLRRAF Moke The X AXIS Ticks, Minor ticks, and Number Labels rhrrErf

/* MAJOR TICKS HERE... */
for(i=0;i <= xyntx; ++i)
{
_sctcolor( xy.border_color );
xpos = xy.Ix + i * dcltax;
_moveto_w( xpos, xy.ly ); 250
Jincto_w( xpos, xy.ly + .025 * yrange );
_moveto_w( xpos, xy.hy );
lincto_w( xpos, xy.hy — .025 * yrangc );

_scteolor( xy.label_color );
sprintf( num_lab, "%.01£", xpos );
view = _getviewcoord_w( xpos, xy.ly ):
moveto( view.xcoord — 6/ *16%/, view.ycoord + 9 )i
—outgtext( num_lab ); ‘
} /* end for / 260

_sctcolor( xy.border_color );
/* MINOR TICKS HERE... */
for(i=0;i <= xy.ntx * xy.nmtx; ++i )
{
xmpos = xy.Ix + i * deltax / xy.nmtx;
_movcto_w( xmpos, xy.ly );
lincto_w( xmpos, xy.ly + .01 * yrange );
_moveto_w( xmpos, xy.hy );
Jlincto_w( xmpos, xy.hy — .01 * yrange ); 270
} /% end for ¥/ '

JAFRRRRRA R Moke The Y AXIS Ticks, Minor ticks, and Number Labels****++/

/* MAJOR TICKS HERE... ¥/
for(i=0;i <= xynty; ++i)
{
ypos = xy.ly + i * dcltay;
_sctcolor( xy.border_color ):
_movcto_w( xy.Ix, ypos ); 280
lincto_w( xy.Ix + .02 * xrange, ypos );
_moveto_w( xy.hx, ypos );
Jlincto_w( xy.hx — .02 * xrange, ypos );
sprintf( num _lab, "%.01£", ypos );
_scteolor( xy.label color );
view = _getviewcoord_w( xy.lx, ypos ):
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_moveto( view.xcoord ~ 60/ *49%*/, view.ycoord — 5 );
_outgtext( num_lab );
} /* end for ¥/

290

_sctcolor( xy.border_color );

/*MINOR TICKS HERE... *

for(i=0; i <= xy.nty * xy.nmty; ++i )

{
ympos = xy.ly + i * deltay / xy.nmty;
_movcto_w( xy.lx, ympos );
Jincto_w( xy.Ix + .01 * xrange, ympos );
_moveto_w( xy.hx, ympos );
incto_w( xy.hx — .01 * xrange, ympos );

} /* end for ¥/ 300

} /* end draw_graph_azes */

/uu**u*uuu*u*u***uu*******N*#Huuu*uuuuunu***uunuu/

void sct_modc_and_rectangle( struct axis_data xy )

{

double xrange, yrange, xlo, xhi, ylo, yhi;
_sctvidecomode( _VRES16COLOR );

xrange = xy.hx — xy.lx;
yrange = xy.hy — xy.ly;
xlo = xylx — 0.2 * xrangc;
ylo =xyly — 0.3 * yrangc;
xhi = xyhx + 0.2 * xrange;
yhi = xyhy + 0.2 * yrangc;

/¥ create a window for plotting real data... ' */
_sctwindow( TRUE, xlo, ylo, xhi, yhi );
_sctcolor( xy.border_color ); 320
/¥ draw a rectangle for the graph border... */
_rectangle_w( _GBORDER, xy.Ix, xy.ly, xy.hx, xy.hy );

} /¥ end set_mode_and_rectangle */
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Chapter 10

pose.c, pose.h

Documentation Date: 3/10/95

10.1 Determining Pose

The routines in this file convert blob data into a pose. They also convert from
one coordinate system into another.

New Data Types:

None.

Definitions:

® Missing - an internal operator to test if a retro is missing,.

¢ CAMERAASPECT = 1.266

10.1.1 Header File Listing:

#ifndef POSE_H

#define POSE_H

/* The following computes a pose for the target */

/* The pose and rawpose are defined via Redficld’s convention */

void GcetPosc(Target *target, Transform *trans, Bloblds *ids, RawPosc *raw,
Pose *posc);

/* The following may not work when yaw and pitch are out of bound */

void TransformPosc(Posc *from, Posc *to, Transform *transform);

#endif
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10.2 Function: GetPose

Documentation Date: 3/12/95

Prototypes:

void GetPose(Target *target, Transform *trans, BlobIds *ids, RawPose
*raw, Pose *pose, Parameters param) '

Source File: pose.c

Type of Function: User Callable

Header Files Used in pose.c: <math.h> < string.h> “datatype.h” "misc.h”
"pose.h”

Description:

This routine computes the Pose and Rawpose. Pose is the X, y, range, pitch,
yaw and roll of the target relative to the camera measured in inches and
degrees. I think the x is range positive away from the camera. The +y is to
the horizontal right on the monitor, the +z is vertical down. The rawpose
is pose measured in pixel values.! The raw x, ¥ (column, row), roll, range
coordinates are based on the right and left retro location. If either right or left
is missing, the top and bottom are used. Since only one retro can be missing (if
more are gone this routine should not be called) either the right/left pair or the
top/bottom pair will be present. The 0,0 is at the row and column specified in
the parameters data structure (VideoCenterRow, V ideoCenterCol). Of course
parameter’s row and column are measured from the lower left monitor corner.
If the LED is missing, the routine returns pitch and yaw of 180 degrees and
the raw pitch and yaw is set to BAD_PITCH_YAW.

10.3 Function: TransformPose

Documentation Date: 6/27/94

Prototypes:

void TransformPose(Pose *from, Pose *to, Transform xtransform)
double OneRow(Pose *pose, int t[6]);

Source File: pose.c

Type of Function: TransformPose is user callable, OneRow is internal.

Header Files Used in pose.c: <math.h> <string.h> "datatype.h” "misc.h”

"pose.h”

! Actually range is in an odd unit, and roll is in degrees.



10.3. FUNCTION: TRANSFORMPOSE 169 S

Description:

TransformPose performs a coordinate transformation. Actually this is a dumb

method for doing this. This should be converted to use 4 by 4 homogenious

matrices. The transformation "matrix” is a 6 by 6 matrix which premultiplies

pose to get a new pose. Since it has never really been used, I don’t trust it.
OneRow is simply multiplies a 1 by 6 vector by a 6 by 1 pose.

10.3.1 Program Listing:

/ *Make sure camera parameters are correct
rl = 1270097.;
r? =1,
h=2361E-4;
v=—1858E—4;
p = 1.927E—-4;
y = 2.423E-4;
Y/
#include <math.h>
#include <string.h> 10
#include "datatype.h"
#include "misc.h"
#include "pose.h"

#define Missing <0
//8TS—62 target width/hcight (11.75"/74.75"), Charlottc (4.2"/3")
#define CAMERAASPECT 1.266

/ *This routine computes the Pose and Rawpose (basically the
Pose in pizels) given the target (blob locations). */ 20
void GetPose(Target *target, Transform *trans, Bloblds *ids, RawPosc *raw, Posc
*posc, Paramecters param) '
{
double dx,dy,yaw,pitch,rangc horiz,vert;
double TargetAspect;
TargetAspect=trans—>Targct Width/ trans—>TargetHeight;
/ *The raw z, y (column, row) coordinates are based on the right and
left retro location, if they are missing use the top and bottom. Since
only one retro can be missing, right & left or top and bottom will be
there. mz is the z or column position, my is the y or row position. 0,0 30
is center of the monitor. dz, dy are used in range. ¥/
if( (ids—>left Missing) || (ids—>right Missing) H{
raw—>mx = (ta.rgct—>toprctro.ccntx+ta.rgct—>bottomrctro.ccntx) /2 — ( double)param.Vid:
raw—>my = (ta.rgct—>toprctro.ccnty+ta.rgct—>bottomrctro.ccnty)/2 — ( double)param.Vid«
dx = target—>topretro.centx — target—>bottomretro.centx:
dy = (target—>bottomretro.centy — target—>topretro.centy) /trans—>CamcraAspect:
raw—>d = TargetAspcct* sqrt(dx*dx + dy*dy);
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raw—>roll = atan2d(dy,dx);
}
else{ 40
raw—>mx = (ta.rgct—>lcftrctro.ccntx+ta.rgct—>rightrc’cro.ccntx)/2 — ( double)param.VidcoCe
raw—>my = (targct—>lcftrctro.ccnty+ta.rgct—>rightrctro.ccnty)/2 — ( double)param.VidcoCe
dx = target—>leftretro.centx — target—>rightrctro.centx;
dy = (ta.rgct—>lcftrctro.ccnty — target—>rightretro.centy) /trans—>CamcraAspect:
raw—>d = sqrt(dx*dx + dy*dy);
raw—>roll = atan2d(dx,dy);
}
/ *Now convert the raw information into real units using the camera
lens parameters*/
range = tra.ns—>Ta.rgctWidth*tra.ns—>Foca.chngth/raw—>d; 50
//FocalLength in pixcls
horiz = raw—>mx/tra.ns—>Foca1Lcngth*ra.ngc;
vert = raw—>my/trans—>CamcraAspect /trans—>Fi ocalLength*range;
if(target—>num_of led != 1M
pitch = 180.;
yaw = 180.;
raw—>ledx = BAD _PITCH_YAW:
raw—>ledy = BAD_PITCH_YAW:
}
else { 60
raw—>ledx = target—>led.centx — ( double) param.VidcoCenterCol;
raw—>ledy = target—>led.centy — ( double) param.VidcoCenterRow;
pitch = atanZd(raw—>lcdy/tra.ns—>Camcra.Aspcct/trans—>Focachngth, 1.0);
yaw = a.ta.n2d(ra,w—>1cdx/tra.ns—>Foca.1Length, 1.0);
} .
range = trans—>Ta.rgctWidth*trans—>Focachngth/raw— >d+trans—>RangcOffsct:
raw—>roll = raw—>roll + 90.;
posc—>y = horiz;
posc—>z = —vert;
Posc—>x = rangc; 70
posc—>yaw = yaw;
posc—>pitch = pitch;
posc—>roll = raw—>roll;

}

/ *The following routine performs a coordinate transformation, Actually

this is a dumb method for doing this. This should be converted to use 4

by 4 homogenious matrices. The transformation "matriz” is g 6 by 6

matriz which is premultiplied by pose to get a new pose. Since it has

never really been used, I don’t trust it. */ 80
/¥

double OneRow(Posc *pose, int tf6]);

void TransformPose(Pose *from, Pose *to, Transform *transform)

{
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t0—=>z = OneRow( from,transform—> tz);

to—=>y = OneRow(from, transform—>ty);

to—>z = OneRow(from, transform—>tz);

(from—>yew == BAD_PrI TCH_YAW)to—>yaw = BA D_PITCH_YAW:
else to—>yaw = OncRow(from, transform—> tyaw);

f(from—>pitch == BAD _PITCH YA W)to—>pitch = BA D_PITCH YAW; o
else to—>pitch = OneRow( from,transform—> tpitch );

to—>roll = OneRow(, from,transform—> troll );

}

double OneRow(Pose *pose, int t[6])
{

return (double) t[0]*pose—>z + (double) tf1]*posc—>y + (double) t[2]*posc—> z
+ (double) t[3]*pose—>yaw + (double) t{4]*posc~>pitch + (double) t[5]*posc—> roll;

*/ 100
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Chapter 11

qtarga8.c, qtarga8.h

Documentation Date: 3/9/95

11.1 Hardware Control of TARGA - Inter-
rupt Drive

The routines in this file are low level TARGA specific functions. These routines
were written by Mr. Qin (QIN @mentor.cc.purdue.edu). The actual qtarga8.c
file contains several pieces of code that are the same as found in targa8.c. This
documentation includes only the pieces of code that are DIFFERENT from
that in targa8.c.

New Data Types:

See Targa8 Documentation.

Definitions: See Targa8 Documentation.

11.2 Function: Global Targa Interrupt Rou-
tines

Documentation Date: 3/9/95

Prototypes:

void GrabEightFrames ForSync (void);
void ResyncFieldCount(int FirstBrightField);
void GrabOnOffFrame();
int Live_Video();
void liveoverlay(int page);
Source File: gtarga8.c
Type of Function: User Callable
Header Files Used in qtarga8.c: <conio.h> "stdinc.h” “ifc.h”

173
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Description:

There are several user callable routines in this file. The targa board is capable
of generating an interrupt on vertical retrace. These routines catch the inter-
rupt and keep count of which image is currently coming in. When the leds are
blinked via the camera’s sync pulse, this allows us to te]] whether the leds are
on or off.

1. GrabEightFrames_ForSync - This routine must be called to acquire the
initial sync. The program grabs 8 images and sets the frame counter
properly. Once you determine which image is the on you reset the counter
again,

2. ResyncFieldCount - Once you know which of the 8 frames from GrabEight-
Frames ForSync is the first bright field, you call this routine to set the
frame counter properly.

3. GrabOnOffFrame - This routine will grab three frames (LED on, off then
on again) and store them in buffers 1,2, and 3 respectively.

4. Live_Video - This is a modification of the Live_Video in targa8.c. There
are some problems where routines clear the interrupt enable bit. This
routine works properly with interrupts whereas the one in targa8.cdoesn’t.

liveoverlay - This is a repair of the routine in targa8.c that supports
interrupts,

(9]

11.2.1 Program Listing:

/ *This was developed by @ We do not usec it. For reference purposes only. */
/ *Only the differences in targad.c are shoun*/

#include <conio.h>

##include "stdinc.h"

#include "ifc.h"

/uu*u*uuuuunuu*uu*uununn

¥ Grab_Fight Frame *
******#*#****##**********#*#***#t*****/

void GrabEightFramcs_ForSync ( void) 10

{
/* Turn off interrupt */
-inp (0x222);
-outp (0x220+0xc00, inp(0x220+0x402) & Oxbf):
—outp (0x220+0x401, 0x90);
—outp (0x220+0xc00, inp(0x220+0x402) | 0x40);
—outp (0x220+0xc02, inp(0x220+0xc02) & 0x3f);
—outp (0x220+0xc00, inp(0x220+0x402) & Oxbf);
-inp(0x222);
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sct_page (0, DISPLAY_LIVE);
FicldGrab(&currRegs,0);
GrabNextField();

sct_page (1, DISPLAY _LIVE);
GrabNextFicld();
GrabNextFicld();

sct_page (2, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld();

sct_page (3, DISPLAY_LIVE):
GrabNextField();
GrabNextFicld();

sct_page (4, DISPLAY _LIVE);
GrabNextField();
GrabNextFicld();

sct_page (5, DISPLAY_LIVE);
GrabNextFicld();
GrabNextField();

sct_page (6, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld();

sct_page (7, DISPLAY_LIVE):
GrabNextField();
GrabNextField();

/* Turn on interrupt */

_inp (0x222);

—outp (0x220+0xc00, inp(0x220+0x402) & Oxbf);
—outp (0x220+0x401, 0x90);

-outp (0x220+0xc00, inp(0x220+0x402) | 0x40);

—outp (0x220+0xc02, inp(0x220+0xc02) | 0xc0);

—outp (0x220+0xc00, inp(0x220+0x402) & Oxbf);
_inp(0x222);

reset_ficld_count();

}

void ResyncFicldCount( int FirstBrightFicld)
{

20

30

40

60
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}

while (ficld_count_js() 1= FirstBrightFicld);

resct_ficld_count();
70

void GrabOnOffFrame( )

{

unsigned char rList[] = {DISPMODE, 0};
while (ficld_count_js() 1= 15);

currRegs.dispMode = 1; /* Put Targa board in Live mode */

WriteSet (&currRegs, rList); /* It need to be in Live mode to capture */
80

/* Turn off interrupt */

_inp (0x222);

—outp (0x220+0xc00, inp(0x220+0x402) & 0Oxbf):

—outp (0x220+0x401, 0x90);

—outp (0x220+0xc00, inp(0x220+0x402) | 0x40);

—outp (0x220+0xc02, inp(0x220+0xc02) & 0x3f):

-outp (0x220+0xc00, inp(0x220+0x402) & Oxbf);

_inp(0x222);

sct_page (1, DISPLAY _LIVE); /* First LED On frame is in memory 1 */ g0
FicldGrab(&curchgs,O);
GrabNextFicld();

sct_page (2, DISPLAY_LIVE); /* LED Off frame is in memory 2 */
GrabNextFicld();
GrabNextFicld();

GrabNextFicld();
GrabNextFicld();

100
sct_page (3, DISPLAY _LIVE); /¥ Second LED On frame is in memory 3 */
GrabNextFicld();

GrabNextFicld();

GrabNextFicld();
GrabNextFicld();

sct_page (4, DISPLAY_LIVE):
GrabNextFicld();
GrabNextField(); 110

GrabNextFicld();
GrabNextFicld();
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GrabNextFicld();
GrabNextFicld();

/* Turn on interrupt ¥/

-inp (0x%222);

-outp (0x220+4-0xc00, inp(0x220+0x402) & Oxbf);
—outp (0x220+0x401, 0x90); ‘
—outp (0x220+0xc00, inp(0x220+-0x402) | 0x40);
—outp (0x220+0xc02, inp(0x220+-0xc02) | 0xc0);
-outp (0x220+0xc00, inp(0x220+0x402) & Oxbf):;

_inp(0x222);
PR A e L L L PN
* Live_Video ¥
* Initialize Vision system *

uu**ununuuuuuunuuuuunu/
int Live_Video()

unsigned char rList]] = {DISPMODE, 0};

currRegs.dispMode = 1;
WriteSct(&currRegs, rList);
return SUCCESS:;

}

/ *Turn on live overlay*/
void liveoverlay( int page)

{
unsigned char rList[] = {DISPMODE, 0};

Show_Process_Image( pagce);
currRegs.dispModc = 2;
WritcSet(&currRegs, rList);

120

130

140
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Chapter 12

roi.c, roi.h

Documentation Date: 3/9/95

12.1 Defining Rectangular Region Of Inter-
est

The routines in this file draw a rectangle on the cpu monitor and compute
statistics of the image contained inside the rectangle. It will also highlight the
pixels with intensity between two specified limits.

New Data Types:

ALineOfPixels is defined, see the listing.

Definitions:

¢ DIVIDEBY = 2 - Amount to divide by if images are subtracted.
¢ ADD = 129 - Amount to add on after dividing.

12.1.1 Header File Listing:

#ifndef ROIH

#define ROI_H
void ShowPixclsInHistogram(ROI roi, int Bright, int Dim, int SccondBright.

int StoragePage, int WorkingPage); void DefincROI(ROI *roi, int page, int *incrcment);
void DcfincROIandComputce( int page);
#endif

179
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12.2 Function: Show Pixels In Histogram

Documentation Date: 3/9/95

Prototypes:

void ShowPixelsInHistogram(ROI roi, int Bright, int Dim, int SecondBright,
int StoragePage, int WorkingPage); void DefineROI(ROI *roi, int page,

int *increment);

Source File: roi.c

Type of Function: User Callable

Header Files Used in roi.c: < float.h> <stdio.k> <graph.h> <string.h>
<conio.h> <time.h> <math.h> < ctype.h> "datatype.h” "roi.h” *TARGAS.L"
"TARGET.h” "PLOT.h” "MISC.h” "DIDP.h”

Description:

This routine draws a histogram of an image then prompts you for a lower
and upper limit. It draws colored lines on the histogram denoting these limits
then on the image display it sets all pixels between the limits to 255 (white)
and those outside the limit to 0 (black). It will tell you how many pixels lie
between the limits. If the lower and upper limits are equal, it tells you how
many pixels have the intensity level equal to the limit. It has the ability to
use an ROI defined for the image but this has not been tested. If Bright,
Dim and SecondBright are greater than -1, a double subtract is performed. If
Bright and Dim are greater than -1, a single subtract is used. If only Bright
is greater than -1, no subtraction is used. The image buffers Storagelage and
WorkingPage are temporary image storage. The image in StoragePage and
WorkingPage will be wiped out. '

12.3 Function: Define ROI and Compute

Documentation Date: 3/9/95

Prototypes:

void DefineROIandCompute(int page);

Source File: roi.c

Type of Function: User Callable

Header Files Used in roi.c: < float.h> <stdio.h> <graph.h> <string.h>
<conio.h> <time.h> <math.h> < ctype.h> "datatype.h” "roi.h” "TARGAS.}L"
"TARGET.h” "PLOT.L” "MISC.h” *DIP.h”
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Description:

This routine allows the user to define a rectangle on the image screen then it
returns some statistics on the pixels inside the rectangle,

12.3.1 Program Listing:

#include < float.h>
#include <stdio.h>

#include <graph.h>

#include <string.h>

#include <conio.h>

#include <timc.h>

#Finclude <math.h>

#include <ctypc.h>

#include "datatype.h"

#include "roi.n" : 10
#Finclude "TARGAS.h"

#include "TARGET.h"

#include "PLOT.h"

#include "MISC.h"

#include "DIP.h"

#if IMAGEHEIGHT > IMAGEWIDTH
typedef struct{
int start, cnd;
Pixcl pixcl[IMAGEHEIGHT]; 20
}ALincOfPixcls:
#else
typedef struct{
int start, cnd;
Pixcl pixcl[IMAGEWIDTH];
}ALincOfPixcls;
#endif
ALincOfPixcls theline;

void ContrastRectangle( int x, int ¥, int width, int height, int page); 30
void DisplayRectangleStats(ROI *roi, int increment);

void MovcRectangle( int fx, int fy, int fwidth, int fheight, int tx, int ty,
int twidth, int theight, int pagc);

void RestorcRectangle( int x, int Y, int width, int hcight, int page);

void RestorcHorizonalLine(ALincOfPixels line, inty, int page);

void ContrastHorizontalLinc(ALincOfPixcls *linc, int x, int y, int width, int
page);

void MovcHorizonta.lLincFromTo( int fx, int fy, int tx, int ty, int width, int
page, ALincOfPixcls linc);

void ContrastVerticalLinc(ALincOfPixcls *line, int x, inty, int hecight, int 0
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page);

void RestorcVerticalLine(ALincOfPixcls line, int x, int page);

void MoveVertialLineFromTo( int fx, int fy, int tx, int ty, int height, int page,
ALincOfPixcls linc);

void CopyRoi(ROI *from, ROI *to);

#define DIVIDEBY 2
#define ADD 129
50
void ShowPixclsInHistogram(ROI roi, int Bright, int Dim, int SccondBright, int
StoragcPage, int WorkingPagc)
{
GraphData graphdata;
FullHistogram x, y;
Pixel low, high, oldlow, oldhigh;
int ij;
long number;
char mcssage[128];
ImagcLinc line; 60
char ans;

for(i=—PIXEL_MAX;i<=PIXEL_MAX;i++)x[i+PIXEL_MAX]=i;
graphdata.minx = 0;
graphdata.maxx = PIXEL_MAX;
graphdata.miny = YAXISMIN;
graphdata.maxy = ( long) YAXISMAX;
graphdata.majxtic = §;
graphdata.majytic = 5;
graphdata.minxtic = 4; 70
graphdata.minytic = 5;
graphdata.DcfaultFontAndColor = TRUE;:

roi.resolution = 1;
FullSubAndHistogram(Bright, Dim, SccondBright, y. roi);
Subtract_lmagcs(Bright,Dim,SccondBright,Stora.chagc, DIVIDEBY, ADD, roi);
Show_Process_Image(WorkingPage);

CopyFramc(StoragePage, WorkingPage);

SctupGraph(&graphdata); 80
Plot(&x[PIXEL_MAX], &y[PIXEL_MAX], FULLNUMBEROFPIXELBINS/2+1,LINES.PLOT DAR}
oldlow=0;
oldhigh=0;

do{

number = 0;

gpromptandread ("Enter low range-> ","%d".&low);

ErascVerticalLine(( long) oldlow,y[old10w+PIXEL_MAX],PLOT_DARK_RED);
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PlotVerticalLine(( long)]ow,PLOT.YELLOW);
oldlow=low;
low = max(low, (Pixcl) 0); 90
low = min(low, (Pixcl) 255);
gpromptandread("Enter high range-> ",")d" &high);
ErascVerticalLince(( long) oldhigh,y[oldhigh+PIXEL_MAX],PLOT_DARK_RED);
PlotVerticalLine(( long) high, PLOT_DARK_BLUE);
oldhigh=high;
high = max(high, (Pixel) 0);
high = min(high, (Pixcl) 255);
for(i=0;i<IMAGEHEIGHT;i++){
GctLinc(i,Storachagc,Iinc);
for(j=0:j<IMAGEWIDTH:j++) 100
if((linc[j]>=low)&4& (linc[j] <=high)}{
line[j]=PIXEL_MAX;
number++;
}
else linc[j] = 0;
PutLinc(i,WorkingPagc,linc);
}
sprintf(message,"Number of pPixels-> %1d, (S)top, (D) isplay original or (R)edraw?".nun
gStatus_Mcssa.gc(mcssa.gc);
ans = ( char) getch(); 110
if((ans=="r’)||(ans=="R")){
QuitPlot();
Sctquraph(&graphdata.);
Plot(&x[PIXEL_MAX], &y[PIXEL_MAX], FULLN UMBEROFPIXELBINS/2+l,LINES,PLOT_II
PlotVerticalLine(( long)oldlow,PLOT_YELLOW);
PlotVerticalLine(( long) oldhigh, PLOT_DARK_BLUE); '

else if( (ans=='4d")||(ans== ’D’)) CopyFramc(Storachagc,WorkingPagc);
} while((ans!="s") &4 (ans!=’5")); '
QuitPlot(); 120

static ROI roisave = {IMAGEWIDTH/2,IMAGEHEIGHT/Z,IMAGEWIDTH/2+10,IMAGEHEIGI
int xs, ys, xc, yo, resolution;

void DcﬁncROIa.ndComputc( int pagc)

{

int ans;

ROI roi;

DPixcl Brightest, Dimmest, Average, StdDev; 130
int increment;

long NumberOfPixels;

roi.xs = roisave.xs:

roi.xc = roisave.xe:
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roi.ys = roisavc.ys;
roi.yc = roisavec.ye;
roi.resolution = roisave.resolution;
Show_Proccss_Imagc(pa.gc);
increment = 10;
do{

DcfineROI( &roi,page,&increment);

RcstorcRccta.ngIc(roi.xs,roi.ys,roi.xc—roi.xs,roi.yc—roi.ys,pa.gc);

140

ComputcStatistics(pagc, —1, —1, roi, &Brightcst. &Dimmcst, &Average, &StdDev,

&N umbcerOfPixcls);

Contra.stRcctanglc (roi.xs,roi.ys,roi.xc—roi.xs,roi.yc—roi. ys,page);

_clearscreen(0);
_scttextposition(10,1);

printf(" Brightest Dimmest Average StdDev # of Pixels\n");

e

-------- \n");

printf("%10d %10d %10d %10d 4101d\n",( int) Brightcst,Dimmcst,Avcragc,Sthcv,NumbcrOfPich.
Status_Message(" (S)top ROI statistics or any key for more->"); -

ans = getch();

RcstorcRccta.nglc(roi.xs,roi.ys,roi.xc—roi.xs,roi.yc—roi.ys,pagc);

} while(ans 1= ’8?):
roisave.xs = roi.xs;
roisave.xe = rof.xc;
roisave.ys = roi.ys;
roisave.yc = roi.yc;
roisave.resolution = roi.resolution;

}

void CopyRoi(ROI *from, ROI *to){
to—>xs = from—>xs;
to—>ys = from—>ys;
to—>xc = from—>xe;
to—>yc = from—>ye;
to—>resolution = from—>resolution;

}

void DcfincROI(ROI *roi, int page, int *oldincrement)

{

int ach,ch:

int increment:

ROI oldroj;

increment = *oldincrement;

clearscreen(0):

_Scttextposition(6,1);

outtext("  Your options are: \n\n");

outtext(" Move ROI: Use the Arrow Keys\n"):

180

170

outtext(" Size ROI: (W)ider, (N)arrower, (T)aller, (S)hortmr\n"):

—outtext(" or Home, End, PagelUp,

PageDown\n");



12.3. FUNCTION: DEFINE ROI AND COMPUTE 185

-outtext("  Modify Increment: Increase(+) or Decrease(-)\n");
_outtext(" Examine data: (G)et statistics of ROI\n\n\n");
outtext("  Rectangle position (x,y) = (Horz.,Vert.) from lower left:");
Status Message("Enter desired option->");
CopyRoi(roi,&oldroi);
DisplayRectangleStats(roi, increment);
do{

ContrastRectangle(roi—>xs, roi—>ys, roi—>xc — roi—>xs, roi—>yc — roi—>ys,
page); ' 190

ch = getch();

ch = toupper(ch);

if((ch = *G?*)){

if(ch == 0)ach = getch():

else ach = ch;
switch (ach){
case ’+’; increment++;
break;
case ’~’; increment——;
break; 200
case 71: '
case ’W’:
case ’'y’; roi—>xs=roi—>xs—incrcmcnt;
roi—>xe=roi—>xc+increment;
break:
case 79:
case *N’:
case ’n’: roi—>xs=roi—>xs+incrcmcnt;
roi—>xc=roi—>xc—increment;
break; ' 210
case 73:
case ’T’:
case 't’; roi—>ys=roi—>ys—incrcment; -
roj— >yc=roi—>yc+increment;
break;
case 81:
case ’S’:
case ’s’: roi—>ys=roi—>ys+incrcmcnt;
roi—>ye=roi—>yc—increment;
break; 220
case 72:

roi—>ys=roi—>ys+increment;
roi—>yc=roi—>yc+increment;
break:
case 80:
roi—>ys=roi—~>ys—increment;
roi—>yc=roi—>yc~increment;
break;
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case 77:
roi—>xs=roi— >xs-+incrcment; 230
roi—>xc=roi—>xc+increcment;
break;
case 75:
roi—>xs=roi—>xs—increment;
roi—>xec=roi—>xc—increment;

break;

}
}

increment = max(increment,1);

roi—>xs = max(0,roi—>xs); 240

roi—>xc¢ = min(IMAGEWIDTH,roi—>xc);

roi—>xc¢ = max(roi—>xc,roi—>xs+1);

roi—>ys = max(0,roi—>ys);

roi—>yc = min(IMAGEHEIGHT,roi—>yc);

roi—>yc = max(roi—>ye,roi—>ys+1);

DisplayRectanglcStats(roi, increment);

RestorcRectangle(oldroi.xs, oldroi.ys, oldroi.xe — oldroi.xs, oldroi.yc
— oldroi.ys, page);

CopyRoi(roi,&oldrot);

} while(ch I= ’G’); 250
ContrastRectangle(roi—>xs, roi—>ys, roi—>xc — roi—>xs, roi—>ye — roi—>ys, page);
*oldincrement = increment;

}

/ *Local routines below here*/
static ALincOfPixcls left, right, top, bottom;

void ContrastRectangle( int x, int y, int width, int hcight, int pagc)
{ .
ContrastHorizontalLinc(&bottom, x, y, width, page);
ContrastHorizontalLinc(&top, x, y+hcight, width, page);
ContrastVerticalLine(&left, x, y+1, height—2, page);
ContrastVerticalLince(&right, x+width, y+1, height—2, page);

}

void MovcRectangle( int fx, int fy, int fwidth, int fheight, int tx, int ty,
int twidth, int thcight, int pagc)

{

ReostorcRectangle(fx, fy. fwidth,fheight,page); 270
ContrastRectangle(tx,ty,twidth.thcight,page);

}

void RestorcRectangle( int x, int y, int width, int height, int pagc)

{

280
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RestoreVerticalLinc(left, x, page);
RestorcVerticalLine(right, x+width, page);
RestorcHorizonalLinc(top, y+height, pagc);
RestorcHorizonalLine(bottom, y, page);

} 280

void RestorcHorizonalLine(ALincOfPixcls line, int y, int page)

{

int i;

if( (y>-1) && (y<IMAGEHEIGHT) ) for(i=linc.start;i<linc.cnd;i++)Sct APixcl(i,y,page, linc.pi>
}

void ContrastHorizontalLinc(ALincOfPixcls *line, int x, int y, int width, int
page)
{ 290
int i;
linc—>start = max(0,x);
line~>end = min(IMAGEWIDTH x+width):
if( (y>-1) && (y<IMAGEHEIGHT) ) for(i=linc—>start;i<linc—>end;i++){
line—>pixcl[i] = ContrastPixcl(i,y,page);

}

void MovcHorizontalLincFromTo( int fx, int fy, int tx, int ty, int width, int
page, ALincOfPixcls linc) 300
{

RestorcHorizonalLinc(line, fy, page);
ContrastHorizontalLinc(&linc, tx, ty, width, page);

}
void ContrastVerticalLinc(ALincOfPixcls *line, int x, int y, int hcight, int
page) '
{
int i;
line—>start = max(0,y); 310

linc—>cnd = min(IMAGEHEIGHT,y+hcight);
if( (x>~1) && (x<IMAGEWIDTH) ) for(i=linc—>start;i<line—>cnd;i++) line—>pixel[i]
= ContrastPixcl(x,i,pagc);

}

void RestorcVerticalLine(ALincOfPixcls line, int x, int page)

{

int i;

if( (x>-1) && (x<IMAGEWIDTH) ) for(i=linc.start;i<linc.cnd;i++)Sct APixcl(x.i.page,linc. pixc
} 320

void MovcVertialLincFromTo( int fx, int fy, int tx, int ty, int hecight, int page,

C-2
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ALincOfPixcls linc)
{

RestorcVerticalLine(line,fx,pagc);
ContrastVerticalLinc(&line, tx, ty, height, page);

}



Chapter 13

targa8.c, targa8.h

Documentation Date: 3/12/95

13.1 Hardware Control of TARGA

The routines in this file are low level TARGA specific functions. The idea is
to place everything that accesses a, TARGA register or TARGA written code
in this file.

New Data Types:

None.

Definitions: Global Definitions (all error returns):

¢ TARGAFONT = systemb.tsf , Font used in the live overlay. The DOS
environment variable TFONTS sets the directory to search for the font
file. If the TFONTS environment is not set, it searches the directory of
the main program. To set the TFON TS use set TFONTS=" blah/blah”
in the autoexec.bat file.

WRONGMODE = -2
BADSETUPBLOCK = -3

BAD READBUFF = -4

BAD.WRITEBUFF = -5

Local Definitions:

* DISPLAY MEMORY = 0 Indicates you want the targa to show the
contents of memory rather than live or overlay.

¢ DISPLAY LIVE = 1 Indicates you want live video.

¢ vPanl = ((short) 0) Vertical pan value.

189
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¢ vPan0 = ((short) 256 + vPanl) There are two pages per byte address.
Each one is given by a different vpan.

¢ PixelDepth = 1 Eight bit pixels.
¢ HorRes = IMAGEWIDTH The number of pixels in a row.
¢ NumPages = 8 Maximum number of images in storage.

¢ AbsRowNum(ImagRow,Page) = ((ImagRow) + ((Page) *IMAGEHEIGHT))
Helps compute the byte offset of a pixel we want.

¢ RowBytes = ((PixelDepth)*(HorRes)) The number of bytes in an image
row.

¢ RowDPerBank = ((32768) /RowBytes) The number of image lines in a
bank.

¢ LineSize = (PixelDepth*HorRes) Same as RowBytes. I don't know why
there are two of them.

¢ DELTAY = (-30) The space between lines of overlay.
o XSTART = (370) The starting horizontal position of overlay pose text.
¢ YSTART = (450) The starting vertical position of overlay pose text.

¢ SIWRITE = 0200 This is defined in MSC somewhere, it indicates the
type of binary file to open. I could not find the .h file where it was
defined so I defined it myself.

¢ Led control. The following set the number of Led which turns on when
using plug and play and printer port control. If you want LED one and
two on then you want LEDone && LEDtwo. To be honest, we don’'t do
it this way but we ought to. '

1. LEDnone = OxFF /*1111,1111*/, no LEDs on.
2. LEDone = 0xFE /*1111,1110*/, LED one on.
3. LEDtwo = O0xFD /*1111,1101*/, LED two on.
4. LEDthree = 0xFB /*1111,1011*/

5. LEDfour = 0xF7 /*1111,0111%/

6. LEDfive = 0xEF /*1110,1111%/

7. LEDsix = 0xDF /*1101,1111*/

8. LEDseven = 0xBF /*1011,1111*/

9. LEDeight = 0x7F /*0111,1111*/
10. LEDall = 0x00 /*0000,0000*/

o AND = &, Makes logical statements readable.
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13.1.1 Header File Listing:

#ifndef TARGA8 H
#tdefine TARGAS_H
#ifndef DATATYPE_H

#include "datatype.h"
#endif

/nuu**n*

Local Definitions

FERRERERRRR]

#define WRONG_MODE -2

#define BAD_SETUPBLOCK -3 10
#define BAD_READBUFF —4

#define BAD_WRITEBUFF -5

#define LEDnonc 0xFF J*1111,1111%/
#define LEDonc 0xFE /*1111,1110%/
#define LEDtwo 0xFD /*1111,1101%/
#define LEDthrce 0xFB  /*1111,1011%/
#define LEDfour 0xF7  /*1111,0111%/
#define LEDfive 0OXEF  /*1110,1111%/
#define LEDsix 0xDF /¥1101,1111%/ 20
#define LEDscven 0xBF  /*1011,1111%/
#define LEDcight 0x7F  /*0111,1111%/
#define LEDall 0x00 / ¥0000,0000%/
#define AND &

int SctLEDStatc( int OnOff);

int SctLEDStatcUsingPrinter( int OnOff);

int Live_Video( void);

int GetLine( int imagerow, int page, ImageLinc line);

int PutLinc( int imagerow, int page, ImagcLinc linc); 30

int SctAPixcl( int xcol, int yrow, int page, Pixcl valuc);

Pixcl ContrastPixcl( int xcol, int yrow, int pagc);

int Initializc_vision( int color_to_capturc);

int End_vision( void);

int Show_Proccss_Image( int Buffer);

void CopyFramc( int From, int To);

int Grab_Framc ( int Buffer, int LED statc);

int Grab Framc_Printcr_Port ( int Buffer, int LED_ statc);

int ClcarAllPages( void);

int ClcarPage( int pagc); 40

void Grab_Two_Framec ( int BufferOne, int BufferTwo);

void Grab_Four_Framec ( int BufferOne, int BufferTwo, int BufferThrec, int
BufferFour);

void Charlottc_Grab( int BufferOne, int BufferTwo, int BufferThree, int
BufferFour);

void Intcgratc_Image ( int Framc, double *sum, ROI roi);
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void GrabEightFrames ( void);
void GrabEightSlowly ( int numficldstowait);/ *ficld is 1/60 of a second*/
void GrabSixFrames ( void);
void circle( int page, int xcen, int ycen, int radius, Pixc] color); 50
void linc( int page, int xs, int ys, int xc, int ¥ye, Pixel color);

/ *Displaymode can be 1 for Live display else Memory Display*/
int sct_page( int pagc_number, int displaymodc):

#define TARGAFONT "systemb.tsf"
/ *Initializes the text for the overlay (loads a font) returns 0 is
success, returns 1 if cannot find font*/

int inittext( char *font);
/ *Frees memory used by font*/ 60
void finishtext( void);
/ *Writes the pose on the overlay and updates the overlay string memory*/
void DrawOverlay(Posc *screenpose, int overlaypage): '
/ *Writes the overlay string memory on the overlaypage in the color

White is 255 Black is 0 */

void DrawOverStrings(Pixcl color, int overlaypage);
/ *actually erases the entire page*/

void ErascOverlay( int overlaypage);
/ *Turns live overlay on and selects page for display*/

void liveoverlay( int page); 70
/ *Prints text at zs, ys on page with color*/

void writctext( int page, int xs, int ys, char *text, Pixel color);

void sctprinterportaddress( int address);

#endif
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13.2 Function: Global Targa Routines

Documentation Date: 3/12/95

Prototypes:

int Live_Video(void);

int GetLine(int imagerow, int page, ImagelLine line);

int PutLine(int imagerow, int page, ImagelLine line);

int Initialize.vision(int color_to_capture);

int End_vision(void);

int Show_Process_Image(int Buffer);

void CopyFrame(int From, int To);

int Grab_Frame (int Buffer, int LED_state);

int ClearAllPages(void);

int ClearPage(int page);

void Grab.Two_Frame (int BufferOne, int BufferTwo);

void Grab_Four Frame (int BufferQOne, int BufferTwo, int BufferThree,
int BufferFour);

void GrabEightFrames (void);

void GrabEightSlowly (int numfieldstowait);/*field is 1/60 of a
second*/

void GrabSixFrames (void);

void circle(int page, int xcen, int ycen, int radius, Pixel color);

void line(int page, int xs, int ys, int xe, int ye, Pixel color);

int set_page(int page_number, int displaymode);

int inittext(void);

void finishtext(void);

void DrawOverlay(Pose *screenpose, int overlaypage);

void DrawOverStrings(Pixel color, int overlaypage);

void EraseOverlay(int overlaypage);

void liveoverlay(int page);

int SetLEDState(int OnOff);

int SetLEDStateUsingPrinter(int OnOff);

int SetAPixel(int xcol, int yrow, int page, Pixel value);

Pixel ContrastPixel(int xcol, int yrow, int page);

int Grab_Frame Printer_Port (int Buffer, int LED_state);

void Charlotte_Grab(int BufferOne, int BufferTwo, int BufferThree,
int BufferFour);

void Integrate.Image (int Frame, double *sum, ROI roi);

void writetext(int page, int xs, int ys, char *text, Pixel color);

void setprinterportaddress(int address);
Source File: targa8.c
Type of Function: User Callable
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Header Files Used in targa8.c: <targraf.h> <io.h> <stdlib.h> <string.h>
<fentl.h> <conio.h> <time.h> "targa8.h” "datatype.h”

Description:

There are several user callable routines in this file. There may be some differ-
ences between this code and the flight code. I do not know why this happened
nor whether the differences are necessary but the differences were present at
one point in time. Where I knew of differences, I documented them. Search
for the word flight in the code to find them. Some of the documentation for
these programs can be found in the hardware and software manuals produced
by Targa. Page numbers in this documentation refer to these manuals. In
version 5 of MSC (used on some machines at NASA) there was a problem
with inp and outp. To get around this we use an #ifdef TAMU statement
to change to inp and outp. You may need to modify this to make it work for
you. If the code compiles, don’t worry. If you have a problem with inp and
outp it will not compile. The tap setting doesn’t quite work as we expect.
The settings used prevent the captured images from shifting side to side from
the live video. Granted it looks weird. Basically what we do is set the tap to
different values when the image is captured than when it is displayed.

1. Initialize_vision - This routine must be called before any other targa
routine. In addition to initialization the routine sets the pen size for
overlays. Part of initialization is to run the program LIVE.BAT which
is generated via another Targa utility.

We have noticed problems with this routine.

(a) It is used with End_vision to trap all targa stuff between the two
calls. If you put an initializevision ... end_vision in a loop, the
routine will crash big time after several iterations. I think there is
a memory leak in some of the targa code which we have no source
for. The solution is to call initialize_vision once at the beginning of
your code and call end-vision once at the end.

(b) When the code is used with a "real” program there isn’'t enough
memory to do a system call to initialize some of the hardware. Our
solution was to write a do nothing but initialize program which
generates a TARGA.PAR file. Then this routine looks to see if
TARGA.PAR is in the current directory, if it is, we read it rather
than doing a system call.

We experimentally determined the setting for the pan register. If the
value is 0 the image jumps to the side when you capture an image. I do
not understand why the number we use works.

Originally we used the simple method shown on 1-31 of the Targa hard-
ware manual to capture green only. Now we use recapture mode (1-31
hardware) to capture any color we want.
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20.
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End_vision - Terminate Vision system.
Grab_Frame - This routine sets the LED state and grabs a frame.
Grab.Two_Frame - Obvious?

Grab_Four_Frame - Ditto.

Grab_Eight Slowly This routine grabs a frame (2 fields) then waits num-
topause vertical blanking periods 1 /60 of a second I think. Grabs another

etc.
GrabEightFrames - Grabs 8 quickly.

GrabSixFrames - Grabs 6 quickly.

Live_Video - Display a live image, turns off overlay.

Show Process Image - Display a stored image, turns off overla};.
ClearPage - Erases a video page.

ClearAllPages - Erases 8 pages.

CopyFrame - Copies video from page From into page To.

GetLine - Gets row imagerow from page. It actually copies data from

one memory address to another. SLOW

PutLine - Copies data into row imagerow of page. SLOW.

. circle - Generates a circle. It draws with a specified color in Targa

memory. You may not see it unless you display the page it is drawn on.

. line - Draws a line.

. inittext - Prepares for live overlay but does not show anything. It must

be called after Initialize vision but before any overlay stuff. It searches
for the TFONTS environment variable. If TFONTS is set, it loads the
font file from the specified directory, otherwise it loads the font from the
current directory. Fonts take a lot of memory so call finishtext when
you are finished with the fonts. If the program cannot load the font for
whatever reason, bad name, bad directory or insufficient memory, the
function returns FAIL,

liveoverlay - Overlay page on top of live. To turn it off call Live_Video
or reset the page.

DrawOverlay - Draw screenpose on the overlay page. Load the internal
strings overx, overy ... then do it.
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21.

22.

23.

24,

28.
29.

30.

31.

32.

33.

34.
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DrawOverStrings - This routine writes the text in internal storage overx,
overy ... onto Targa page overlaypage using color. It probably should
not be a user callable routine since it is only called by DrawOverlay.

EraseOverlay - Erases the overlay. The simplest logic to erase the overlay
is to set it zero. SLOW!

finishtext - The fonts used in the overlay (set up by inittext) takes up
memory. Dump them when finished.

Grab_Frame Printer_Port - Sets the LEDS using the printer port then
grabs an image.

. Charlotte_Grab - In the Charlotte system, the LEDs are blinking a a

slower rate and are not synchronized to anything. This routine grabs a
sufficient number of frames that we have a high probability of catching
an on and an off LED state.

. resetfield_count - See the chapter on QTARGAS.

. GrabEightFrames_ForSync - See the chapter on QTARGAS.

ResyncFieldCount - See the chapter on QTARGAS.
GrabOnOffFrame - See the chapter on QTARGAS.

ContrastPixel - Sets the contrast of a pixel. If the original pixel is less
than 128 it sets it to 259, if it is greater than 128 it sets jt zero.

SetADPixel - Sets one pixel intensity.

SetLEDState - For plug and play, a DIDO board with sufficient current
drive capability is used. The board has a base address of 0X300 and
LEDs are connected to pins of the board. A byte is sent to the routine
to designate how many LEDs to turn on. The definitions in the header
file should be used to specify how many LEDs are to be turned on. A
TTL low turns the LED on. '

setprinterportaddress - Sets the address of the printer port, We find this
number on our computer by noting the value displayed by the BIOS on
boot up.

SetLEDStateUsingPrinter - Similar to SetLEDState except it uses the
printer port. I think the drive capability of the printer port is insufficient
S0 you will have to use a transistor drive circuit. TTL high turns the
LEDs on. The software inverts the number sent to it so the software is
compatible between Plug and Play and printer port,.
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13.3 Function: Local Targa Routines

Documentation Date: 6/30/94

Prototypes:

void dowrite(void);
int rightmode(void);
int capture(void);
int DumpState(char *file, void *reg);
int ReadState(char *file, void *reg);
void writetext(int page, int xs, int ys, char *text, Pixel color);

Source File: targa8.c
Type of Function: Internal to the Library, Not User Callable
Header Files Used in targa8.c: <targraf.h> <io.h> <stdlib.h> <string.h>

<fentl.h> "targa8.h” "datatype.h”

Description:

Some of the documentation for these programs can be found in the hardware
and software manuals produced by Targa. Page numbers in this documenta-
tion refer to these manuals.

1. dowrite - TARGA is controlled via several registers, this routine copies
the internal data into the hardware registers.

2. rightmode - Returns true is the TARGA is in the correct mode of oper-
ation. 512 rows, 512 columns and 8 bits.

3. capture - Grabs a single frame (2 fields).

4. DumpState - Does a binary write to a file (targa.par is currently used)
storing the contents of the Targa registers. This is used in conjuction
with Initialize_Vision to avoid the system call.

[uin]

ReadState - Does a binary read from a file (targa.par is currently used)
determining the previous contents of the Targa registers. This is used in
conjuction with Initialize_Vision to avoid the system call.

6. writetext - Writes overlay text into Targa memory.

13.3.1 Program Listing:

/*NOTE NOTE NOTE NOTE — There may be some differences between this code
and the flight code. I do not know why this happened and if it is
necessary but it was true at one point. Where I knew of differences, I
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documented them. Secarch for the word flight to find them.¥/

/ *In this file, comments to the right of a statement refer to page

numbers is hardware or software. These are books written by Targa.

They came with the board and software. */

/ *During Charlotte Grab the tap works properly. I did not change other grab
routines because I do not have time to test them. */ 10
#include <targraf.h>

#include <io.h>

#include <stdlib.h>

#include <string.h>

#include <fentl.h>

#include <conio.h>

#include <time.h>

#include "datatype.h"

#include "targa8.h"
20
PR LR L LI L TN P R

Local Static Variables
uuuu**uununuununnnu/

TplusRegs  currRegs; /¥ TARGA+ structure ¥
TplusRegPtr cRegPtr;  /* current structure pointer */
grafPort thePort; /*used by targa routines to store pen size cte. */

int BankBasc;

VARARAREEE L AL S L L B R R T grann

Local Decfinitions 30
n*uuu*n«”n**nun*uu**u*n/ ‘
/ *Version 5 does not allow -inp and _outp but they use it at NASA change
these defines depending on the version of ¢ you use*/
#ifdef TAMU
#define _inp inp
#define _outp outp
Fendif

#define DISPLAY_ MEMORY 0

#define DISPLAY LIVE 1 40
#define LowBankAddress 0xc00000

#define HighBankAddress 0xc00000

/¥

#define LowBankAddress ( (long) BankBase << 16)

#define HighBankAddress ( ((long) BankBase << 16 ) + J2768)

*/

/ * check out these bank addresses especially Highbank 1—- 13 hardware */

/* The following defs are from 1—28 of the hardware manual*/

/ *

#define vPang ((short) 13) 50
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#define vPant ((short) 256 + vPan0)
*

#define vPanl (( short) 0)
#define vPan0 (( short) 256 + vPanl)
/ ¥ PizelDepth is defined as the number of bytes per pizel
HorRes = 512 for image widths <= §12 or 1024 for widths > 512
1-12 of hardwarc*/
##define PixclDepth 1
#define HorRes IMAGEWIDTH
#define NumPagcs 8

199

60

#define AbsRowNum(ImagRow,Pagc) ( (ImagRow) + ((Page)*IMAGEHEIGHT))

#define RowBytcs ( (PixclDepth)*(HorRes))
#define RowPcrBank ((32768) /RowBytes)
#define LincSize (PixclDepth*HorRes)

/ *typedef ImageLine Bank{RowPerBank]; ¥/

[ IR R R R R R AR RRRRE RN AR

Local Function and Prototypes
uﬁ*u*unuuuuuuuunuuu/
int rightmode( void);
int capture( void);
int DumpStatce( char *file, void *reg);
int RcadState( char *file, void *reg);

/ *This returns true is the TARGA is in the correct mode of operation.
512 rows, 512 columns and 8 bits.*/
int rightmode( void)
{ .
if((currRegs. width > 512) | /* 16 bit lores */
(currRegs.height > 512) |
(currRegs.depth != 1 ))

{ R

puts("Use TMODE 1, 2, 5, 6, 9, 10\n"): return(FALSE);
}
return(TRUE);

/ *This routine grabs a single frame. */

int capture( void)

{
FramcGrab(&currRegs); /* frame grab ¥/
return SUCCESS;

}

/ *This routine sets a page (0 to 7) once the page is set, a capture
routes the data into the page. displaymode can be cither 1 for live or 0
Jor stored. */

70

80

90
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unsigned char PList[5] = {MODE2,PAGE,WHICH8,BYCAP,VPAN};
int sct_page( int page_numbcr, int displaymodc)
100
/* We will define video page numbers as: 1 — lowest byte lowest vPan,
0 — lowest byte highest vPan
8 — nezt byte lowest vPan ctc ¥/
if(Irightmodc()) return(WRONG_MODE);
if(displaymodc == DISPLAY_LIVE)
currRegs.dispMode = 1
else
currRegs.dispModc = 0
switch( page_number ){

case 0: 110
currRegs.page = 0;
currRegs.vPan = ( short int) vPan0; /* vPan page 0
currRegs.byCap = 1; /%534 hardware*/
currRegs.which8 = 0; / *display lowest 8 bits VRAM o
break;
case 1:
currRegs.vPan = ( short int) vPanl;
currRegs.byCap = 1; / *5—-34 hardware*/
currRegs.which8 = 0; / *display lowest 8 bits VRAM ¥
break; 120
case 2:
currRegs.vPan = ( short int) vPan0: /* vPan page 0

currRegs.byCap = 2; /*5—34 hardware*/

currRegs.which8 = 1;

break;
case J:

currRegs.vPan = ( short int) vPanl;

currRegs.byCap = 2; / *5— 34 hardware*/

currRegs.which8 = 1;

break; 130
case 4:

currRegs.vPan = ( short int) vPan0; /¥ vPan page 0

currRegs.byCap = 4; /*6—34 hardware*/

currRegs.which8 = 2;

break;
case 5:

currRegs.vPan = ( short int) vPanl:

currRegs.byCap = 4; /*5—34 hardware*/

currRegs. which8 = 2;

break; 140
case 6:

currRegs.vPan = ( short int) vPan0: /* vPan page 0

currRegs.byCap = 8; / *5— 34 hardware */

currRegs.which8 = 3;

¥/

¥/

¥/

*/
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break;
case T:
currRegs.vPan = ( short int) vPanl;
currRegs.byCap = 8; /*5—34 hardware*/
currRegs.which8 = 3;
break;
default:
puts("Page must be 0-7\n");
return FAIL;
}
WritcSct(&currRegs,PList);
return SUCCESS;

}

/ ryrararargranpeer e P T TY FFI IR IS LR L LSS AL R AL LA L

Ezternally callable routines
FRRRER IR R R R AR R R R R AR AR ]

/Nuunnu**u**n*u*uuunuuuuu
¥ Initialize Vision system *

FRRRRR IR R R R R R R R R EF R RRRR

/ *This routine must be called before any other targa routine. We have
noticed problems with it. 1. It is used with End_vision to trap all

targa stuff between the two calls. If you put an initialize_vision ...
end_vision is a loop, the routine will crash big time after several
iterations. I think there is a memory leak in some of the targa code

which we have no source for. The solution is to call initialize_vision

once at the beginning of your code and call end_vision once at the end.

2. When the code is used with a “real” program there isn’t enough memory
to do a system call to initialize some of the hardware. Our solution

was to write a do nothing but initialize program which generates a
TARGA.PAR file. Then this routine looks to sce if TARGA.PAR is in the
current directory, if it is, we read it rather than doing a system

call.

In addition to initialization the routine sets the pen size for
overlays.

¥/
int Initialize_vision( int color_to_capturc)
{
if ( InitGraphics() < 0 )/ *2—65 of software*/
{
puts("TARGA driver not available");
exit(—1);
}
/*

201

170

180

180



202 CHAPTER 13. TARGAS.C, TARGAS.H

setprinterportaddress(0z378);
Y/
if(!Graphlnit(&currRegs))
/* Puts board in raw mode, resets it and gets registers
returns true is successful false otherwise (9—18) */
{

}

/ *If there is a targa.par file, read it otherwise try to do the 200
system call. ¥/
if( ReadState("targa.par", &currRegs) = SUCCESS N
/ *This runs a file called live.bat in the current dircctory. */
system("LIVE");
/ *Create a new targa.par file for next time.*/
DumpStatc("targa.par" &currRegs);
}
SctPenSize(3,3);
SctTPlusMode(&currRegs,1,0);/ * set pizel depth 1 , interlaced = 0%/
/* Set camera to rgb 1—26 hardware*/ 210
currRegs.rgb = 0; /*1 is rgb, 0 is composite*/
currRegs.sVidco = 0; /*0 for rgb*/
/* Set initial vertical panning */
currRegs.top[0] = 255;
currRegs.top[1] = 1023;
currRegs.bot[0] = 0;
currRegs.bot[1] = 768;
currRegs.vPan = vPan0; / *What the heck 1—28 hardware */
/* Set horizontal pan 1—29 hard. If this value is 0 the image
Jumps to the side if you 1. are watching live, 2. grab an image and 3. 220
display the image. What we did was ezperimentally determine the number
to use so the jump is minimum. I do not understand why 12 works. (Nor
do I really care.)*/ '
/* The following line changed*/
currRegs.tap = 17;
currRegs.tap = 5;
/ *Originally we used the simple method shown on 1—31 hardware to
capture green only. We do not use this stuff, but I left it here just
in case we neceded this information. It is so hard to get otherwise. If
you set it to b&w here it will only capture the green input 1—30,31 230
hard. However perhaps we could capture a 32 bit tmage then move the
color we want to another page. */
/ *currRegs.monoSrc = 0;*/ | *0 takes green, 1 takes chromakeyer 1—31 hard*/
/ ¥currRegs.cm2 = 0; *// *0 applys monosrc to all § bytes of input, 1 does not
take monosrc*/
/ *currRegs.cml = 0; *// *This means 16 bit color 5—57 hardware, when cm2 =
0 this doesn’t matter*/
/ *currRegs.cm8 = 0; *//*0 means do not recapture, I means capture from the

puts("TARGA+ driver not available\n"); return FAIL;
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blenders 5— 60 hard?*/
/ * Now we use recapture mode 1—31 hardware to capture any color we want*/240
currRegs.cm3 = 1; / *This is the key. Make sure we are not overlaying or else
we will capture the overlay also*/
switch (color_to_capturc){ /*See 1—31 hardware for the following*/
case GREEN:
currRegs.cml = 1;
currRegs.cm2 = 0;

break;
case BLUE:
currRegs.cml = 0;
currRegs.cm2 = 0; 250
break;

default: /*RED*/
currRegs.cml = 1;
currRegs.cm2 = 1;
}
/* Set the live image to be 8 bit green only*/
currRegs.live8 = 0; / *1 means map green input to all 24 bits (pg5—61)
0 means map 3 colors to 24 bits a 0 means the live video will be color*/
/¥ make sure vram rather than border colors is sent to the buffer port muz*/
currRegs.bufferPortColor = 0; / * 0 uses vram, I uses border color 5— 5&hardwarc*/
/¥ make sure vram display is sct to 8 bits */
currRegs.bufferPortSrc = 0; /* 0 sets 8 bit mode 5—56 hardware*/
/¥ make sure board is set for bank addressing*/
currRegs.map = 0;
currRegs.fgp = 0; /*0 means no processing to the data (1—39,5—61)
1 means remove ezxcessive blue*/
currRegs.genlock = 1; /*1 means sync is generated by targa used for
camera only I think, not needed in memory display*/
currRegs.livePortInv = 0; /*¥0 means don’t invert port muz (1-39)
1 means do invert*/ 270
currRegs.liveMixBypass = 1;  /*I mcans bypass any mizing (1—39,5—57)
0 means use the mizer */
currRegs.livePortSrc = 0; / *0 means portmuz accepts live video (1-39,5-61)
1 means accepts stored data*/
currRegs.dispMode = 1;/ *1 means live
0 means stored */
currRegs.maskLH = 0;/*I don’t think this is needed. It protects some memory

planes */
currRegs.genCtrl = 5;/*I don’t know why but this differed between A&M and the
original flight hardware make it 0 for consistency*/ 280

/ *Originally this was 0 on flight changed to 5 for hitachi camera*/
WritcAll(&currRegs);
switch (currRegs.basc){/ *5— 36 hard*/
case 0: BankBasc = 0x8000;
break;
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case 1: BankBasc = 0x9000;
break;

case 2: BankBasc = 0xA000;
break;

case 3: BankBasc = 0xB000;
break;

case 4: BankBasc = 0xCO000;
break;

case 5: BankBasc = 0xD000;
break;

case 6: BankBasc = 0xE000;
break;

case 7: BankBasc = 0xF000;
break;

}

return SUCCESS;

}

/****************************

* FEnd_vision

* Terminate Vision system
prE AR R ERE RN R R R RER

*
*

int End_vision( void)

EndGraphics();

if(GraphEnd (
| *Writes register an
returns true if success,

}

/ *****u****u*u********Huuuunn**u

* Grab_Frame

*

* This routinc sets the LED state and

* grabs a frame. It is ha
e ST I LR L L

int Grab_Framec ( int Buffer,

int rcturnvaluc;

unsigned char rList] = {TAP.0};
currRegs.tap = 0;
WritcSct(&curchgs,rList);
SctLEDStatc(LED_state);

if(sct_page (Buffer, DISPLAY_L

returnvaluc = capturc();
SctLEDState(LEDnonc);

currRegs.tap = 9

KRR EFEEREEEFE

SUCCESS): else return(FAIL):
d closes driver (3—17)
false otherwise®/

&currRegs)) return(

rdware dependent.*
EEEFERERRERRRERRESEER ]

int LED_statc)

IVE) != SUCCESS) return FAIL;
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WriteSet (&currRegs,rList):

}
int Grab_Framc_Printer_Port ( int Buffer, int LED _statc)
{
int rcturnvaluc;
unsigned char rList] = {TAP,0}; ‘ 340

currRegs.tap = 0;
WritcSct(&currRegs,rList);

SctLEDStatcUsingPrinter( LED statc);

if(sct_page (Buffer, DISPLAY LIVE) != SUCCESS) return FAIL;
returnvaluc = capture():
SctLEDSta.thsingPrintcr(LEDnonc);

currRegs.tap = 5;
WritcSct(&currRegs,rList);

}

int Grab_Framc_Nowait ( int Buffer, int LED_statc)
{
unsigned char rList] = {TAP,0};
currRegs.tap = 0;
WriteSet (&currRegs,rList);
if(sct_page (Buffer, DISPLAY LIVE) |= SUCCESS) return FAIL:
SctLEDStatc(LED_sta.tc);
FicldGrab(&currRegs,0); ‘ 360
GrabNextFicld();
SctLEDState(LEDnonc);
GrabNextFicld();
GrabNextFicld();

currRegs.tap = 5;
WritceSet (&currRegs,rList);

370
A R 2 T T T P
* Grab_Two_Frame ¥

uunuuuuuunuuuuunuuuuu/
void Grab_Two_Framc ( int BufferOne, int BufferTwo)
{
unsigned char rList]] = {TAP,0};
currRegs.tap = 0;
WriteSct(&currRegs,rList):;
/ *if start by grabbing odd they are all half on
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if start by grabbing cven they arc all all way on or all way off 380
if you pause inbetween grabbing cven/odd some will be all on some all off

by convention frame grab begins on an odd field
*

sct_page (BufferOne, DISPLAY_LIVE);

/*

There may be some confusion here. The flight hardware probably needs
the following FicldGrab but our hardware was modified so we need
FicldGrag(&currRegs,1);

*

FicldGrab(&currRegs,0); 300

GrabNextFicld();

sct_page (BufferTwo, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld();

currRegs.tap = 95;
WriteSct(&currRegs,rList);

}

/******************************************

* Grab_Four_Frame ¥

FRRRRERRERRRR R ERRE R RO

void Grab_Four_Framec ( int BufferOne, int BufferTwo, int BufferThree, int BufferFour)
{
unsigned char rList[] = {TAP.0};
currRegs.tap = 0;
WriteSct(&currRegs,rList); 410
sct_page (BufferOne, DISPLAY_LIVE); :
FicldGrab(&currRegs.0);
/¥
There may be some confusion here. The flight hardware probably needs

the preceeding FieldGrab but our hardware was modificd
FieldGrab(&currRegs,1);

¥
GrabNextFicld():

400

sct_page (BufferTwo, DISPLAY LIVE); 420
GrabNcextFicld();
GrabNcextFicld();

sct_page (BufferThree, DISPLAY_LIVE);
GrabNcextFicld();
GrabNextFicld();
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sct_page (BufferFour, DISPLAY _LIVE):
GrabNextFicld();
GrabNextFicld(); 430

currRegs.tap = 5;
WriteSct(&currRegs,rList);

}

PSR AL RS L LRt R T R T P r T PR e

* Charlotte_Grab*
MNH*u*u*uun*nuuuunuuunn/ a4

void Charlotte_Grab( int BufferOne. int BufferTwo, int BufferThree, int BufferFour)

{

unsigned char rList[] = {TAP,0};
currRegs.tap = 0;
WriteSct(&currRegs,rList):

sct_page (BufferOne, DISPLAY _LIVE);
FicldGrab(&currRegs.0):
GrabNextFicld(); 450

sct_page (BufferTwo, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld();
GrabNextFicld();
GrabNextFicld():

sct_page (BufferThree, DISPLAY_LIVE):

GrabNextFicld();

GrabNextFicld(); 460
GrabNextFicld();

GrabNextFicld();

sct_page (BufferFour, DISPLAY_LIVE):
GrabNextFicld();
GrabNextFicld();
GrabNextFicld();
GrabNextFicld();

currRegs.tap = 5; 470
WriteSet(&currRegs,rList );

}
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* Grab_FEight_Slowly ¥

* This routine grabs a frame (2 fields) then

* waits numtopause vertical blanking periods

* 1/60 of a sccond I think. Grabs another...
*un*nu*uuuun*unuuunuuuu/

void GrabEightSlowly ( int numtopausc)

{

int i;

unsigned char rList]] = {TAP,0};
currRegs.tap = 0;
WriteSct(&currRegs,rList);

sct_page (0, DISPLAY_LIVE);
FicldGrab(&currRegs,0):
GrabNextFicld();

sct_page (1, DISPLAY_LIVE);
GrabNextFicld();

GrabNextFicld();
for(i=numtopausc;i>0:i—-) VBLWiait();

sct_page (2, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld();

sct_page (3, DISPLAY_LIVE);
GrabNextFicld();

GrabNextFicld();
for(i=numtopausc;i>0;i——)VBLWait();

sct_page (4, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld();

sct_page (5, DISPLAY_LIVE);
GrabNextFicld();

GrabNextFicld();
for(i=numtopausc;i>0;i——)VBLWa.it();

sct_page (6, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld();

sct_page (7, DISPLAY_LIVE);
GrabNextFicld():
GrabNcextFicld();

TARGAS.C, TARGA8.H
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currRegs.tap = 5;
WriteSet (&currRegs,rList);

J R e
* Grab_Fight_FPrame ¥

R
void GrabEightFrames ( void)
{
unsigned char rList]] = {TAP,0};
currRegs.tap = 0;
WriteSct (&currRegs,rList);
sct_page (0, DISPLAY _LIVE);
FicldGrab(&currRegs,0);
GrabNextFicld();

sct_pagc (1, DISPLAY_LIVE);
GrabNextField();
GrabNextFicld();

sct_pagc (2, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld();

sct_page (3, DISPLAY _LIVE);
GrabNextFicld();
GrabNextFicld();

sct_page (4, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld();

sct_page (5, DISPLAY _LIVE);
GrabNextFicld();
GrabNextFicld();

sct_pagce (6, DISPLAY_LIVE};
GrabNextFicld();
GrabNextFicld();

sct_page (7, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld();

209
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currRegs.tap = 5;
WriteSct(&currRegs,rList);

}

/##*********#*********#*#***********#*#*#*#

* Grab_Siz_Frames *
i)

void GrabSixFrames ( void)
{
unsigned char rList]] = {TAP,0};
currRegs.tap = 0;
WritcSct (&currRegs,rList); 580
sct_page (0, DISPLAY_LIVE);
FicldGrab(&currRegs,0);
GrabNextFiceld();

sct_page (1, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld();

sct_page (2, DISPLAY _LIVE);
GrabNextField(); 590
GrabNextFicld();

sct_page (3, DISPLAY_LIVE);
GrabNextField();
GrabNextFicld();

sct_page (4, DISPLAY _LIVE);
GrabNextFicld();
GrabNextFicld();
600
sct_page (5, DISPLAY_LIVE);
GrabNextFicld();
GrabNcextField();

currRegs.tap = 5;
WritcSet (&currRegs,rList);

}

void resct_ficld_count( void);
R ER RO R ERR R RN

* Grab_Eight_Frame_ForSync *

FERRFR R R R R RRRRRRRA AR KRR EH
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void Gra.bEightF‘ra.mcs_ForSync-( void)

{
/* Turn off interrupt */
_inp (0x222);
—outp (0x220+0xc00, inp(0x220+0x402) & Oxbf);
-outp (0x220+0x401, 0x90); 620
—outp (0x220+0xc00, inp(0x220+0x402) | 0x40);
—outp (0x220+0xc02, inp(0x220+0xc02) & 0x3f);
—outp (0x220+0xc00, inp(0x220+0x402) & Oxbf);
-inp(0x222);

sct_page (0, DISPLAY_LIVE);
FicldGrab(&currRegs,0);
GrabNextFicld();

sct_page (1, DISPLAY_LIVE); 630
GrabNextFicld(); :
GrabNextFicld();

sct_page (2, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld();

sct_page (3, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld(); 840

sct_page (4, DISPLAY_LIVE);
GrabNextFicld();
GrabNextFicld();

sct_page (5, DISPLAY_LIVE):;
GrabNextFicld();
GrabNextFicld();

sct_page (6, DISPLAY_LIVE); 650
GrabNextFicld();
GrabNextFicld();

sct_page (7, DISPLAY_LIVE);
GrabN extFicld();
GrabNextFicld();

/* Turn on interrupt */

-inp (0x222); )

—outp (0x220+0xc00, inp(0x220+-0x402) & Oxbf): 880
—outp (0x220+0x401, 0x90);
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_outp (0x220+0xc00, inp(0x220+0x402) | 0x40);

_outp (0x220+0xc02, inp(0x220+0xc02) | 0xc0);

_outp (0x220+0xc00, inp(0x220+0x402) & Oxbf);
_inp(0x222);

resct_ficld_count();

}

int ficld_count_is( void); ’ 670
void ResyncFicldCount( int FirstBrightFicld)

{ while (ficld_count_is() != FirstBrightFicld);

resct_ficld_count();

}

void GrabOnOffFramc()

{ 680
unsigned char rList[] = {DISPMODE, 0};
while (ficld_count_is() != 15);
currRegs.dispMode = 1; /¥ Put Targa board in Live mode */
WriteSct(&currRegs, rList); /¥ It need to be in Live mode to capture */

/¥ Turn off interrupt */

_inp (0x222); .

_outp (0x220+0xc00, inp(0x220+0x402) & Oxbf); 890
_outp (0x220+0x401, 0x90);

—outp (0x220+0xc00, inp(0x220+0x402) | 0x40);

_outp (0x220+0xc02, inp(0x220+0xc02) & 0x3f);

_outp (0x220+0xc00, inp(0x220+0x402) & Oxbf);

_inp(0x222);

sct_page (1, DISPLAY_LIVE); /* First LED On frame is in memory 1 */
FicldGrab(&currRegs,0);
GrabNextFicld();

700
sct_page (2, DISPLAY LIVE); /* LED Off frame is in memory 2 */
GrabNextFicld();

GrabNextFicld();

GrabNextFicld();
GrabNextFicld();

sct_page (3, DISPLAY _LIVE); /* Second LED On frame is in memory 3 */
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GrabNextField();
GrabNextField();

GrabNextFicld();
GrabNextFicld();

sct_page (4, DISPLAY _LIVE);
GrabNextField();
GrabNextFicld();

GrabNextFicld();
GrabNextFicld();

GrabNextFicld();
GrabNextField();

/* Turn on interrupt */

_inp (0x222):;

—outp (0x220+0xc00, inp(0x220+-0x402) & Oxbf):;
-outp (0x220+0x401, 0x90):

—outp (0x220+0xc00, inp(0x220-+0x402) | 0x40);

—outp (0x220+0xc02, inp(0x220+0xc02) | 0xc0):

-outp (0x220+0xc00, inp(0x220+0x402) & Oxbf);
_inp(0x222);

R P R P g
* Live_Video *

* Initialize Vision system ¥

**4=unu*“Hu“uuuu**uuuu*u*n/
int Live_Vidco()

unsigned char rList[] = {DISPMODE, 0};

currRegs.dispMode = 1;/*1 means live
0 means stored */

WritcSct(&currRegs, rList);

return SUCCESS:;

}

JHHER AR ERRRE R R RR RN RERERF SRR

* Show_Process_Image *

* This was modificd for the Targa to

accept the image number 0—7
***#*******##*****h****h***************#*#/

int Show_Proccss_Image( int Buffer)

{
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sct_page(Buffer, DISPLAY MEMORY);
return SUCCESS;

}

[HEEEEER AR AR R R R R R R RIN R}

The following sets a page to 0
FEEE R R R R R RRRRRER RN |
int ClcarPage( int pagc)
{
ImagcLinc linc;
int row;
for(row=0;row< IMAGEWIDTH;row-+)linc{row]=0;

for(row=0;row<IMAGEHEIGHT-1;row++) PutLinc(row, page, linc);

return SUCCESS;
}

[ HERHER R R R RRRERRRE R RRERR RN

The following sets a page bits to all 1s
M AL AL

int Oncs ( int page)

ImagcLinc line;
int row:
for(row=0;row<IMAGEWIDTH;row++)linc[row]=255;

for(row=0;row<IMAGEHEIGHT—1;row++) PutLinc(row, pagc, linc);

return SUCCESS;
}

[ HEREEER RS RERE SRR RERRRIAREH

The following sets all memory to 0
FHEERR R R R XA KRR AR R R

int ClearAllPages( void)
{

int pagc;
for(page=0:pagc<NumPages;page++)ClearPage(page):
return SUCCESS;

}

[ HEEERFFRER AR RIRRE KR RERRRRERRRE AR F

The following copies video from page From into page To
HHREREEFRR AR R SRR RRRRR AR R ]

void CopyFrame( int From, int To)

ImagcLinc ling;
int i;
for(i=0;i<IMAGEHEIGHT;i++){
GetLine(i,From linc);
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PutLinc(i,To,linc);

}

PR AL R 2T RN T T

The following gets row imagerow from page
0 <= imagerow <= IMAGEHEIGHT

*N*HHHuuHHNN*Huunnnun*/ 810

int GetLine( int imagerow, int page, ImageLinc linc)

{

int row:;

unsigned int count;

count = sizeof(Pixcl) * IMAGEWIDTH;
row = AbsRowNum(imagcrow,pagc);
if(!SctUpBIock(O,row,IMAGEWIDTH—1,row+1)) return(BAD_SETUPBLOCK);
if('RcadBuff(linc,count)) return(BAD_READBUFF);

return SUCCESS:

} 820

PR AL ALLEL LIS SR T P R g

The following puts row imagerow into page
0 <= imagerow <= IMAGEHEIGHT
*uunuuuuuuu*uunuunuuu/
int PutLinc( int imagcrow, int page, ImageLine linc)
{
int row;
unsigned int count;
count = sizeof(Pixcl) * IMAGEWIDTH; 830
row = AbsRowNum(imagerow,page); '
if(!SctUpBlock(O,row,IMAGEWIDTH—1,row+1)) return(BAD_SETUPBLOCK);
if(!WritcBuﬁ(linc,count)) return(BAD_WRITEBUFF);
return SUCCESS; ‘
}

Pixcl ContrastPixcl( int col, int imagerow, int page)
{
int row;
Pixcl line, contrast; 840
unsigned int count:
count = sizeof(Pixcl);
row = AbsRowNum(ima,gcrow,pagc).j
if(!SctUpBlock(col,row,col,row)) return(BAD_SETUPBLOCK);
if(!Rca.dBuff(&linc,count)) return(BAD_READBUFF);
if(linc>(PIXEL_MAX/ 2))contrast = 0;
else contrast = PIXEL_MAX:
if{ !WritcBuﬁ‘(&contrast,count)) return(BAD_WRITEBUFF);
return linc;
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} 850

int SctAPixcl( int col, int imagcrow, int page, Pixel valuc)
{
int row;
unsigned int count;
count = sizeof(Pixcl);
row = AbsRowNum(imagcrow,pagc);
if(!SctUpBlock(col,row,col+1,row+1)) return(BAD  SETUPBLOCK);
if(!WritcBuﬁ'(&valuc,count)) return(BAD_WRITEBUFF);
return SUCCESS; 860

}

PR R L AL L L L LS g e

This routine generates a circle. It draws it in TArga memory. You may
not see it unless you display the page it 13 drawn on.
u*uunuuuuuuuu*uuununuu/

void circle( int page, int xcen, int yeen, int radius, Pixc] color)
{
Rect frame;
Point pt; 870
pt.x = xcen;
pt.y = AbsRowNum(ycen,page);
CenterRect(&frame, pt, 2*radius, 2*radius);
SctForeColor( ( unsigned long) color);
StrokeOval(framc);

PR AL L LS L 2

This routine draws a line.

t********#**#***************##*******#****/

void linc( int page, int xs, intys, int xc, int ye. Pixcl color)
{
SctForeColor( ( unsigned long) color);
Mocho(xs,AbsRowNum(ys,pa.gc));
LincTo(xc,AbsRowNum(yc,pagc));

}

/ *From here down is the overlay stuff*/
/ *These hold the data so it can be erased*/

890
static char overx|19], overy[15]. overz[15], overw(15), overp(15], overr|[15];

/ *This prepares for live overlay but does not show anything */
int inittext( char *font)

{

char fontnamec[127];



13.3. FUNCTION: LOCAL TARGA ROUTINES

char *cnvstring;

if(font[0] == ’d’){
Status_Mcssage("Using default font");
cnvstring = getenv("TFONTS");
if(cnvstring!=NULL){
strepy (fontname,envstring);
strcat(fontname,"\\");
strcat(fontname, TARGAFONT);

}
if(LoadStrokcFont(fontnamc)) return FAIL:

}

else{
Status_Mcssage("Using specified font");
if(LoadStrokcFont(font)) return FAIL;

}
/*
currRegs.liveMizSre = 1;
currRegs.liveMizInv = 1;
¥/
currRegs.comparcEnb = 1;
currRegs.overlaySre = 2;
currRegs.overlaylnv = 0;
currRegs.liveMixColor = 0;
currRegs.alpha8 = 1;
currRegs.liveMixGain = 1;
currRegs.liveMixZcro = 0;
currRegs.notOVLLevel = 0;
WritcAll(&currRegs);
sprintf(overx,"X ");
sprintf(overy,"Y ");
sprintf(overz,"Z ");
sprintf(overw,"y ");
sprintf(overp,"p ");
sprintf(overr,"r ");
return SUCCESS;
}

[/ *Turn on live overlay. To turn it off call Live_Vidco or set the

page.*/
void liveoverlay( int page)

{
unsigned char rList[] = {DISPMODE, 0};

Show_Process_Image(pagc);
currRegs.dispModce = 2;
WritcSct(&currRegs, rList);
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}

/ *Draw screenpose on the overlay page*/
void DrawOverlay(Posc *screenpose, int ovcrlaypage)
{
ErascOverlay(overlaypage);
sprintf(overx,"X ¥%6. 11£" screenpose—~>x); 950
sprintf(overy,"Y %6. 11£" ,screenpose—>y);
sprintf(overz,"2Z %6. 11£",screenposc—>z);
if(screenpose~>yaw == BAD_PITCH_YAW)sprintf(ovcrp,"p XXXXX");
else sprintf(overp,"p %6.21f ",screenpose—>pitch);
if(scrcenpose—>pitch == BAD_PITCH_YAW)sprintf(ovcrw,"y XXXXX");
else sprintf(overw,"y %6.21f" \SCreenposc—>yaw);
sprintf(overr,"r %6.11f" screenpose—>roll);
#ifdef CHECKLENGTH
if(( int)strlcn(ovcrx)>=15)Fata1_Error_Mcssagc("Blew it in DrawOverlay");
if(( int)strlcn(ovcry)>=15)Fa,ta.l_Error_Mcssa.gc("Blew it in DrawOverlawty:
if(( int)strlcn(ovcrz)>=15)Fa.tal_Error_Mcssagc("Blew it in DrawOverlay"):
if(( int)strlcn(ovorp)>=15)Fata.l_Error_Mcssagc("Blew it in DrawQOverlay"):
if(( int)strlcn(ovcrw)>=15)Fata.l_Error_Mcssa.gc("Blew it in DrawOverlay");
if (( int)strlcn(ovcrr)>=15)Fata1_Error_Mcssagc("Blew it in DrawOverlay"):
#endif
Dra.wOvchtrings(WHITE,ovcrlaypa.gc);

}

/* The vertical distance between rows of overlay text?/

#define DELTAY (-30) 970
/ * The starting location of the text*/

#define XSTART (370)

#define YSTART (450)
/ *This routine writes the tezt in overz, overy ... onto Targa page
overlaypage using color.*/ ~

void DrawOverStrings(Pixel color, int overlaypage)

{

int y;

y = YSTART;

writctcxt(ovcrlaypa.gc,XSTART,y,ovcrx,color); 980
y =y + DELTAY:;

writctext( ovcrlaypagc,XSTART,y,ovcry, color);

Y =y + DELTAY;

writetext(overlaypage XSTART.,y,overz,color);

Y =y + DELTAY;

writctcxt(ovcrlaypagc,XSTART,y,ovcrp,color);

Y =y + DELTAY;

writetext(overlaypage XSTART, y.overw,color):

Y =y + DELTAY;

writctext (overlaypage .XSTART,y,overr,color); 990
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}

/ *The simplest logic to erase the overlay is to set it zero. SLOW*/
void ErascOverlay( int overlaypage)

{

ClearPage(overlaypage);

/ *This writes text on the screen*/

void writctext( int page, int xs, int ys, char *text, Pixel color)
{
SetForcColor( ( unsigned long) color);
MoveTo(xs,AbsRowNum ys,page)):;
DrawString(text);

/ *The fonts take up memory. Dump them when finished. */
void finishtext()

DisposcStrokeFont ();
}

/ *Ok I lied. These last two routines do a binary read and write to a
file and store the contents of the Targa registers. They are used in
conjuction with Initialize_Vision to avoid the system call. */
#define SIWRITE 0200

int DumpState( char *file, TplusRcgs *reg)

int handle, numbytcs, j;
numbytcs = sizeof(TplusRegs);

handle = open(file, O_BINARY | O_WRONLY | O_CREAT, SIWRITE

if(handle == —1) return FAIL; :
j = writc(handle, ( char *) reg, numbytes);
if(j'=numbytcs) return FAIL;

closc(handlc);

return SUCCESS;

}

int ReadStatc( char *file, TplusRegs *reg)

{

int handle, numbytcs, j;

numbytes = sizeof(TplusRegs);

handle = open(file, O_BINARY | O_RDONLY);
if(handlec == ~1) return FAIL:

Jj = read(handle, ( char *) reg, sizeof(ImagcLinc));
if(j'=numbytes) return FAIL;

closc(handlc);

);
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return SUCCESS;

}
1040
int SctLEDStatc( int OnOff)
{
unsigned basc_address, control_byte, port_a, port_b, port_c;
int sclect;
basc_address = 0x300; / *base address of digital I/ O port*/
control bytc = basc_address + 3; / *control byte address */
port_a = basc_addrcss; / *port A address */
port_b = basc_address + 1; / *port B address */ loso
port_c = basc_address + 2; / *port C address */
sclect = 0x00;
outp (control_byte, sclect); / *set all ports to output : */
outp (port_b, OnOff); / *send integer to port b ¥
return 0;
}
1060
int PrintcrPort Address;
void sctprinterportaddress( int address)
{
PrintcrPort Address = address;
}
int SctLEDStatcUsingPrinter( int OnOff)
{
outp(PrinterPortAddress,"OnOff);
return 0; 1070



Chapter 14

targutil.c, targutil.h

Documentation Date: 3/10/95

14.1 Reading, and storing images.

The routines in this file read and write images from /to disk. One out of place
routine displays images and pauses between each one.

New Data Types:

None.

Definitions: None.

14.1.1 Header File Listing:

#ifndef TARGUTIL_H

#define TARGUTIL_H
/ ¥Stores (reads) image page in filename */

int StorcImage( char *filcname, int page);

int ReadImage( char *filcname, int page);
[ *Stores (reads) all siz (cight) images begining at page 0

using filenames: zero.suffiz one.suffiz ete. */

void writcall6( char *suffix);

void rcadall6( char *suffix);

void rcadall8( char *suffix); ' 10
void writcall8( char *suffix);

/* Shows status message, says hit a key, shows the video page then
waits*/

void showpage( int page, char *message);
/* Says what page is showing then shows it waits for key*/

void showall6( void);

void showall8( void);

#endif

221
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14.2 Function: StoreImage, Readlmage, writeall6,
readall6, readall8, writeall8, showpage,
showall6, showall8

Documentation Date: 3/12/95

Prototypes:

int Storelmage(char *filename, int page);
int ReadImage(char *filename, int page);
void writeall6(char *suffix);
void readall6(char *suffix);
void readall8(char *suffix);
void writeall8(char *suffix);
void showpage(int page, char *message);
void showall6(void);
void showall8(voeid);
Source File: targutil.c
Type of Function: User Callable
Header Files Used in targutilc: <stdio.h> <string.h> "datatype.h”
“tarqutil.h” “targa8.h” "misc.h”

Description:

1. Storelmage stores a page (one image) to a file. If the file cannot be
opened then it returns FAIL (1) otherwise it returns SUCCESS (0). The
default directory for the file is the current directory.

2. ReadImage reads a page (one image) from a file. ‘If the file cannot be
opened then it returns FAIL (1) otherwise it returns SUCCESS (0). The
default directory for the file is the current directory.

3. writeall6 stores the first six images in files. You specify the suffix for
the files then their names are data/zero, data/one etc. Note that if
the subdirectory data does not exist in the current directory, then the
routine does nothing. Note that error correction or at least reporting
should be implemented. It would not be hard to do since the routine
calls Storelmage which does report error.

4. writeall8 stores all eight images in files. You specify the suffix for the
files then their names are data/zero, data/one etc. Note that if the
subdirectory data in the current directory does not exist, then the routine
does nothing. Note that error correction or at least reporting should be
implemented.
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5. showpage shows a frame of TARGA video (a page) then calls printand-
wait with a message to the user.

6. showall6 shows six images with a printandwait call between each one.

showall8 shows eight images with a printandwait call between each one.

|

8. readall6 reads six images from disk. If subdirectory data does not exist
in nothing happens. This should at least implement an error return.

9. readall8 reads eight images from disk. If subdirectory data does not exist
nothing happens. This should implement an error return.

14.2.1 Program Listing:

#include <stdio.h>
#include <string.h>
#include "datatype.h"
#include "targutil.h"
#include "targa8.h"
#include "misc.h"

/ *This tga_header was put in by Greg Newman, I don’t know why*/
unsigned char tga_hcader([18] = {0,0,3,0,0,0,0,0,0,0,0,0,0,2,0,2,8,48};
10
int StorcImagcExt( char *file, char *suffix, int page);
int ReadlmageExt( char *file, char *suffix, int page);

#define FILE NAME_LENGTHS 20
int StorcImagcExt( char *file, char *suffix, int pagce)

{
char filenamc[FILE NAME_LENGTHS];

if(FormFullFileName(filecname, FILE NAME_LENGTHS, file, suffix) != SUCCESS)
Fatal Error_Mcssage("Blew it in StoreImageExt"):
return StorcImage(filename,page); 20

}

int RecadImageExt( char *file, char *suffix, int page)

{
char filename[FILE NAME_LEN GTHS];

if(FormFullFileName(filcname, FILE NAME_LEN GTHS, file, suffix) = SUCCESS)
Fatal Error_Mcssage("Blew it in ReadImageExt");
return Rcadlmage(filename,page);

}

/ *This routine stores a page (one image) to a file. The file name is
gwen by: let file = "abed” and suffiz = "zyz” then the file s
"abed.zyz”. If the file cannot be opened then it returns FAIL (1)

30
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otherwise it returns SUCCESS (0)*/
int StorcImage( char *filcname, int page)
{ ImagcLinc ling;
char message[80];
FILE *ofilc;
int i;
ofilc = fopen(filename, "wb"); 40
if (ofilc == NULL) return FAIL;
sprintf(message,"Saving Image %d to %s",page,filcnamc);
#ifdef CHECKLENGTH
if(( int)strlen(message) >= 40)Fatal Error_Mcssage("Blew it in StoreImage");
#endif
Status_Message(message);
fwrite(tga_hcadcer, sizeof(tga_hcadcr),1,ofilc);
for(i=0;i<IMAGEHEIGHT;i++)
{ GetLine(i, page, linc);
fwrite(line, sizeof(ImagcLinc),1,0filc); : 50
}
fclose(ofile);
return SUCCESS:

}

/ *This routine reads a page (one image) from a file. The file name is
given by: let file = "abed” and suffiz = "zyz” then the file is
"abed.zyz”. If the file cannot be opened then it returns FAIL (1)
otherwise it returns SUCCESS (0)*/
int Rcadlmage( char *filecname, int page) 80
{ ImagcLinc linc;
int i
FILE *ifilc;
char temp_hcader([18];
ifile = fopen(filename,"rb");
if (ifile == NULL) return FAIL;
fread (temp_header, sizeof(tga_hcadcr),1.ifilc);
for(i=0;i<IMAGEHEIGHT;i++)
{ frcad(&linc, sizeof(ImagcLinc),1,ifilc);
PutLinc(i, page, linc); 70
}
fclosc(ifile);
return SUCCESS;
}

/ *This routine stores the first siz images in files. You specify the

suffiz for the files then their names are data\zero, data\one ctc. Note

that if the subdirectory data in the current directory does not ezist,

then the routine does nothing. Note that error correction or at least

reporting should be implemented. It would not be hard to do.*/ 80
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void writcall6( char *suffix)

StorcIma.chxt( "data\\zero", suffix, 0);
StOrcImachxt( "data\\one", Sufﬁx, 1);
StoreImachxt( "data\\two", suffix, 2);
StorcImachxt( "data\\three", suffix, 3);
StorcImachxt( "data\\four", suffix, 4);
StorcImachxt( "data\\five", suffix, 5);

90

then the routine docs nothing. Note that crror correction or at least
reporting should be implemented. It would not be hard to do. v/
void writcall8( char *suffix)

StorcIma.chxt( "data\\zero", suffix, 0);
StorcImachxt( "data\\one", suffix, 1);

StorcIma.chxt( "data\\two", suffix, 2); 100
StorcIma.chxt( "data\\three", suffix, 3);

StorcImachxt( "data\\four", suffix, 4);

StorcIma.chxt( "data\\five", suffix, 5);

StorcImachxt("data\\six", suffix, 6);

StorcImachxt("data\\seven", suffix, 7);

/ *This routine shows a frame of TARGA video (a page), prints q message
and waits for q key press*/ '
void showpage( int page, char *message) 1.0

char mess[40];
sprintf(mess,"%s %d - Hit Key",mcssagc,pagc);
#ifdef CHECKLENGTH
if(( int)strlcn(mcss) >= 40)Fa.tal_Error_Mcssagc("Blew it in showpage"):
#endif
Show_Proccss_Imagc(pagc);
printandwait( mess );

120
/ *This routine shows 812 images with o pause between each one */
void showall6(){

showpage(0,"Now showing page");

showpage(1,"Now showing page");

showpage(2,"Now showing page");

showpage(3,"Now showing page");

showpage(4,"Now showing page");
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showpage(5,"Now showing page");

/ *This routine shows cight images with o pause between cach one ¥

void showall8(){

showpage(0,"Now showing page");
showpage(1,"Now showing page");
showpage(2,"Now showing page"):
showpage(3,"Now showing page");
showpage(4,"Now showing page"):
showpage(5,"Now showing page"):
showpage(6,"Now showing page");
showpagc(7,"Now showing page");

/ *This routine reads iz images from disk. If subdirectory datq does not

erist nothing happens. This s
void rcadallé( char *suffix)
{

Show_Proccss_Ima.gc( 0);

hould implement at least apn error return. */

ReadImagcExt ( "data\\zero", suffix, 0);

Show_Proccss_Imagc( 1);

RcadIma.chxt( "data\\one", suffix, 1);

Show_Pro cess_Image(2);

ReadImagcExt( "data\\two", suffix, 2);

Show_Proccss_Imagc( 3);

Rca.dImachxt( "data\\three", suffix, 3);

Show_Proccss_Imagc( 4);

Rca.dImachxt("data\\four"_. suffix, 4):

Show_Proccss_Imagc( 5);

Rca.dlmachxt(”data\\five“, suffix, 5);

/ *This routine reads eigh

t images from disk. If subdirectory data

does not ezist nothing happens. This should implement qp least an error

return. */

void rcadall8( char *suffix)

Show_Proccss_Imagc( 0);

RcadIma.chxt("data\\zero", suffix, 0);

Show_Proccss_Imagc (1);

Rca.dIma.chxt("data\\one", suffix, 1);

Show_Proccss_Imagc( 2);

RcadImachxt( "data\\two", suffix, 2);

Show_Proccss_Imagc(3);

Rca.dImachxt("data\\three", suffix, 3);

Show_Proccss_Imagc( 4);

130
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Rca.dIma.chxt( "data\\four", suffix, 4);
Show_Process_Image( 5);

ReadlmageExt("data\\f ive", suffix, 5);

Show_Proccss_Imagc (6);

RecadImagcExt( "data\\six", suffix, 6);

Show_Proccss_Ima.gc(S); 180
RcadIma.chxt("data\\seven", suffix, 7);
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dnp Dip, 93

Version compatibility, 58 Directory Structure, 57, 58
-outp Do Accumulation, 64

Version compatibility, 58 Do Histogram, 129
X -inp Double subtract, 133

Version compatibility, 194 dowrite, 197
X _outp Draw over strings, 193

Version compatibility, 194 Draw overlay, 193

Dump all blobs into back kill, 77

Accumulate, 63, 64 Dump blob into background then
atan2d, 153 kill, 77
ATAT, 11 Dump small big inact back kill, 77
Blob., 67 Dump small inact back kill, 77
blobs DumpState, 197

definition, 69 End vision, 193

Blobs in one row, 77 Erase overlay, 193

Blobstruc, 73 Erase Vertical Line, 158

capture, 197 Extract blobs, 69

Charlotte Grab, 193
circle, 193
Clear all pages, 193
Clear page, 193
clear status, 38
clear status

graphics mode, 38
Comm Port, 42
compiling, 57

Fatal Error Message, 38

Find blob pointer, 73

Find frames for double subtract, 129
Find storage image, 129

Find Threshold, 101

finishtext, 193

First falling, 95, 133

First sums over n, 100

Compute Statistics, 129 Font .
Constrast Pixel, 193 Targa, 195
Copy frame, 193 font .
Copy one blob, 132 féz;s’ti‘:ﬁlss
Copy to blob array, 77 set, 155
datatype, 2 Font File, 195
decreasemem, 148 font file

Define image, 129 plot, 155
Define ROI and Compute, 179 Font Files, 57
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Form Full File Name, 153 Live Video, 173

Full Sub and Histogram, 129 Live video, 193
liveoverlay, 173, 193

gclear status, 38 Load target from stats, 129

Geometry, 113 ‘ Long Distance, 63

Get largest neg blob, 77

Get largest pos blob, 77 M Pi, 151

Get line, 193 main, 7

Get pose, 167, 168 Main Program, 11

gprint and wait, 38 main program, 7

gprompt and read, 38 Make all blobs inactive, 74

Grab eight frames, 193 make files, 57

Grab Eight Frames For Sync, 173 Make x n hist, 100

Grab eight slowly, 193 makedoc.bat, 58

Grab four frame, 193 makefile

Grab frame, 193 library, 58

Grab Frame Printer Port, 193 main, 57

Grab six frames, 193 makelib, 58

Grab two frame, 193 Mark All Blobs, 129

Graph Data, 155 Mark one LED, 132

Graphics Mode, 158 Mark one retro, 129

GSTATTOS, 38 Mark target, 129

gStatus Message, 38 max, 151

Memory, 147

Histogram, 180 messages, 38

Histogram

min, 151
Do, 129 o 17 Misc, 151
Show pixels inside, 179 My free, 148
increasemem, 148 My malloc, 148
Index of largest, 100 - o
x -vid, 36 New blob, 77

New Do Accumulation, 64
Number of pixel bins, 130
Number of pixel bins

Initialize Video, 36
Initialize vision, 193
inittext, 193

Integrate Image, 132, 193 Full, 131
Interrupt, 173 One row, 167, 168
Join blobs, 77 Par File, 57
Kill all blobs. 77 Parallel Printer LED Control, 190
Kill blob, 77 pi, 151
Hl blob, 77 Plot, 158
LED Control, 190 plot data, 155, 158
library, 58 Plot Vertical Line, 158
line, 193 Plug and play, 190

linking, 57 pose, 168
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Position Difference, 129
print and wait, 38
print and wait

graphics mode, 38
Printer Port

Address, 193
Put it in blob, 75
Put line, 193

Quit Plot, 158

read all, 222
Read image, 222
ReadState, 197
Rectangle
Region of interest, 179
Region of interest, 179
Region of Interest
Define, 180
Region of interest
definition, 70
Resync Field Count, 173
rightmode, 197
ROI, 179
ROI
Define, 180
round, 153
Running sum, 100
Running sums over n, 100

Serial Communications, 42
Set A Dixel, 193
Set LED State, 193
Set LED State
Using Printer, 193
set page, 193

Set Printer Port Address, 193

Setup Graph, 158
sgn, 153
show page, 222

Show Pixels In Histogram, 179, 180

Show process image, 193
showall, 222
showhistogram, 100
Signal to noise, 134
Slope of n, 98

square, 153

STATTPOS, 38

Status Message, 38

Status Message
Graphics Mode, 38

Store image, 222

Sub and histogram, 129

Subtract Images, 129

Sum of hist, 100

TARGA control, 189
Interrupt Drive, 173
targa par, 57
TARGAFONT, 189
Target, 127
Target cosys, 114
targutil, 221
TFONTS, 195
Threshold, 93, 95
Threshold
Find, 101
Total size of all blobs, 132
Transform pose, 167, 168

Valley, 99

write all, 222
write text, 193
writetext, 197

X of valley, 99
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